IN TERAVIA 


Price of this issue — 
U.S.A.: $ 1.00 
Canada: $ 1.00 
British Isles: 4/6 
South Africa: 60 Cents 
Rhodesia: 

Switzerland: 

Germany: 

Denmark: 

France: 

Italy: 

Japan: 

Lebanon: 

Netherlands: 

Sweden: 


VOLUME XVI 


World Review of Aviation and Astronautics 
with Electronics Supplement 


In this issue 


World Air Transport Crisis 


The Supersonic Transport 


Farnborough Report 


No. 10 / 1961 



































Plessey 
TELECOMMUNICATIONS 


‘clear the air’ 





Plessey is everywhere, you'll find. . . in the Royal Navy for example, 
where strike aircraft of the Fleet keep a watching brief on the skyways 


and maintain contact with the help of Plessey UHF. 


/ 


Behind this achievement are the extensive prototype and quantity manu- 
facturing resources of the Telecommunications Division, inspired by the 
work of a unique research and development organisation. The Company 
recognises the need to segregate advanced thinking from the hustle and 
distraction of the factory. Accordingly, in addition to the Group Research 
Laboratories and other specialised research centres already existing in the 
U. K., extremely well equipped laboratories have recently been established 
for advanced Telecommunications studies. In these establishments, the 
next generation of telecommunications equipment is already taking shape. 


In close support at all times are the complete resources of the Plessey 
Group of Companies which include unrivalled tool making and machining 
facilities, a full range of environmental testing and production laboratories, 
and the service of advanced materials laboratories. 


The overseas selling organisation of The Plessey Group of Companies 


PLESSEY INTERNATIONAL LIMITED - ILFORD - ESSEX - ENGLAND 
Overseas Telegrams: Plessinter Telex liford - Telex: 23166 - Telephone: Ilford 3040 
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WORLD LEADER IN 


LONG 
Fe AANGE 


INI AVIGATION 





To date, these airlines 
have installed Edo Model 345A Loran 
as long-range navigation equipment : 


Aerolineas Argentinas 

Aerovias Venezolanas 

Air France 

Alitalia Airlines 

Avianca 

BOAC 

Canadian Pacific Airlines 

Cubana Airlines 

Eastern Air Lines 

El Al Israel Airlines 

Flying Tiger Line 

Garuda Indonesian Airways 

Iberia Air Lines of Spain 

Irish Air Lines 

Japan Air Lines 

KLM Royal Dutch Airlines 

Lufthansa-German Airlines 

Northwest Orient Airlines 

Pakistan International Airlines 

Pan American World Airways 

Qantas Airways 

Sabena Belgian World Airlines 

Scandinavian Airlines System 

Seaboard and Western Airlines 

© Swissair 

e Trans Caribbean Airways 

e TAI — Transports Aériens Intercontinentaux 

e TWA — Trans World Airlines 

e Varig Airlines 

e Also in use by MATS 
and growing numbers of corporate aircraft 


For new illustrated brochure on Edo Loran write Dept. X-6 
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Airport radar equipment for ground controlled 
approach comprising 


airport surveillance radar and pre- 


cision approach radar 


Produced in our factories in accordance with latest 
international regulations. 


TELEFUNKEN 














Frankfurt “ Rhein-Main Airport is 25 years old 
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July 8th, 1961, was the 25th anniversary 

of Frankfurt “ Rhein-Main ” Commercial 
Airport's being placed in service. 

During its quarter-century of existence, 
Frankfurt Airport—once the base for Zeppelin 
airships for overseas transport—has developed 
into the Federal German Republic's 
intercontinental jet airport. Its passenger 
volume is well over two million a year. 


Flughafen Frankfurt/Main Aktiengesellschaft 











(4) 





We have to date supplied to 


FRANKFURT-RHEIN-MAIN 


airport a total of 16 airfield refuelers comprising 


3 of 10,000 |.G. capacity (1) 
2 of 8,800 |.G. capacity 

6 of 5,700 |.G. capacity 

5 of 3,960 1.G. capacity 

9 hydrant dispensers (2 & 3) 


(5) 





For the ground service : 
4 ground power units 
of which 2 self-propelled (4) and 2 trailer type 
17 aircraft energizers (5) 
2 dual voltage units (6) 
2 frequency converters (7) 


STRUVER equipment is to be found 
on many airfields in Europe and abroad. 


AD. STRUVER KG HAMBURG 


Niendorfer Weg 11 — Phone 583141 — Telex 0211621 


(7) 





INTERAVIA 10/1961 1313 














Universal trainer 





for instruction from 
the ab initio to the 
advanced and 
operational stages 


FIAT - DIVISIONE AVIAZIONE 


Corso G. Agnelli 200, TURIN (Italy) 











TIME FOR A SEARCHING REAPPRAISAL 


In the light of current developments in air cargo, we chal- 
lenge you to consider this statement. The time has come to 
make a searching reappraisal of air freight operations if they 
are being conducted with obsolete piston-powered passenger air- 
craft that have been converted for cargo. We are convinced that 
these aircraft, although they may still represent a multi-million 
dollar book investment, should now be disposed of, notwith- 


standing current market prices, and replaced by the modern 


all-cargo Canadair Forty Four. Inevitably, the disposal will result 
in a “profitable loss,” because it can be shown that the Forty Four 
is the only all-cargo aircraft able to operate at a profit, either 
domestically or internationally, under the new low freight rates 
and will recover in a short period of time the losses incurred 
on the sale of the outmoded converted equipment. Any 
General Dynamics or Canadair official would welcome the 


opportunity to discuss this in more detail. 


TANADAIR Generac ovnamics Gilli) D 


Please address enquiries to European Representative: John Winterburgh, Canadair Services Limited, Princes House, 190 Piccadilly, London W.1., England. 





=m 
GOODAYEAR WHEN YOU'RE IN AVIATION, GOODYEAR MAKES WHAT YOU NEED 


MENT OF IMPACT! 155 Tons ar 150 


ry SWANTED: A tire to accelerate from 
, zero to 200 m.p.h. in seconds — 155 

tons of airplane entrusted to its tires 

until airborne. Tire must also cushion 

the landing impact on to a rock-hard 

runway and bring the tremendous 


weight to a smooth, safe halt. 
RCSA oie rare 


The tire that got the job was no beginner. It was developed 
by Goodyear for U.S. jet fighters. its new, fabric-reinforced 
tread withstands the stresses of high-speed take-offs and land- 
ings. Now giant jets the world over depend on Goodyear aircraft 
tires to take the great mechanical strains of modern flying. 
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MILES PER HOUR! 


WANTED: Wheels and brakes to carry 
and stop the equivalent load of sev- 
eral trailer trucks moving faster than 
any sports car. No margin for errors 
—efficiency at all times an absolute 
must. 





Goodyear, with 20 years aviation experience, got the job with 
Tri-Metallic Brakes and Forged Aluminum Wheels, designed 
for high-speed, heavy-load jets. Today, as yesterday, more 
commercial airliners rely on Goodyear wheels and brakes than 
all other makes combined. 


GOOD; 











' WANTED:A brake control device that 

7 thinks and acts with the speed of 
lightning. Device must sense skid 
tendencies—and at speeds up to 275 
@ep m.p.h. It must react instantly to pre- 
ee. vent wheel lock-up. With anti-skid, 
the brake can take advantage of the 


ena | full tire coefficient and produce the 

shortest possible stopping distance. 
Anti-skid systems by Goodyear fill the bill perfectly. The com- 
pletely automatic system senses an impending skid and regu- 
lates the braking pressure to safe limits. Both on-, off- and 
modulated systems are available. 


EAR 
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all over the world | 
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the service that is 
elegant | 

friendly 

modern 

Alitalia’s 

Winged Arrow Service 














ALITALIA 














MARCONI 
sixty 


series 


. anew 
generation 
re) 
elles lelle) 

Ye] e)| olaat=valt 


DESIGN FOR RELIABILITY 





AD 160 VHF COMMUNICATION 
AD 260 VHF NAVIGATION 
AD 360 AUTOMATIC DIRECTION FINDING 





naamaail 
[nance ora > 


SPECIFIED BY L 
B.O.A.C. FOR VICKERS VC. 10 
B.E.A. FOR D.H. TRIDENT 


MARCONI'S WIRELESS TELEGRAPH COMPANY LIMITED, CHELMSFORD, ESSEX, ENGLAND 
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JET CLEARANCE 
WITH ONE RADAR 








WHATEVER THE TERRAIN-WHATEVER THE WEATHER 


S.264A THE MOST ADVANCED AIR 
TRAFFIC CONTROL RADAR IN THE WORLD 


Marconi 50 cm. Radar is immune from 
weather effects without polarisers 
and has a fully coherent crystal 
controlled MTI system. 


30 MARCONI 50 CM. RADARS HAVE 
BEEN ORDERED OR INSTALLED 
IN THE U.K., EUROPE, ASIA, 
AFRICA AND AUSTRALASIA. 





MARCONI 


COMPLETE CIVIL, MILITARY AND NAVAL RADAR INSTALLATIONS 


MARCONI’S WIRELESS TELEGRAPH COMPANY LIMITED, CHELMSFORD, ESSEX, ENGLAND 
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They have been selected on account 
of their outstanding qualities, namely: 


simple technology 

ease of installation in aircraft and subsequent maintenance 
reasonable cost 

high performance 

no restriction of engine operation for the pilot 

fully-automatic fuel and power control 

progressive control of after-burning thrust by the throttle-lever 


possibilities of further development. 


0 OQUGU UU 








150, BOULEVARD HAUSSMANN - PARIS-8° 
Tél.: CARnot 33-94 
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TAKE A GOOD VIEW 


APRON SURVEILLANCE 


Television presents an all- 
round view of the complete 
parking area, eliminating 
the blind spots and en- 
abling the marshalling 
supervisor to see the num- 
ber and disposition of air- 
craft anywhere on the 
apron. 





DATA TRANSMISSION FOR AIR TRAFF 
PASSENGER HANDLING INFORMATION 
ARRIVAL/DEPARTURE INFORMATION 
FLIGHT SCHEDULE INFORMATION 
FLIGHT MOVEMENT INFORMATION 
WIND TUNNEL OBSERVATION 
MET. BRIEFING 

DOCUMENT TRANSMISSION 
TRAINING 

FLIGHT TESTING 

RUNWAY OBSERVATION 


APRON SURVEILLANCE 


MARCONI 


TELEVISION FOR AVIATION 


Closed Circuit Television Division 
MARCONI'S WIRELESS TELEGRAPH 
COMPANY LIMITED 
BASILDON, ESSEX, ENGLAND 


AIR TRAFFIC CONTROL 


Television can present 
tabulated flight progress 
information instantane- 
ously wherever it is re- 
quired in an air traffic 
control centre. 





Ic CONTROL 


RESEARCH 


Observation of after burn- 
ing in a gas turbine engine 
at a government research 
station. This is typical of 
the many research applica- 
tions for which television 
is being used to-day. 
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ROLLS-ROYCE 


JET LIFT AND PROPULSION ENGINES 


have been specified for 


NEW STOL AND VTOL MILITARY AIRGRAFT 








SIOL V 


Short Take-off and Landing Vertical Take-off and Landing 





High performance Advanced types of military STOL and VTOL aircraft are being 
designed with Rolls-Royce engines because of the performance which they offer. The latest 
jet-lift engine has a thrust sixteen times its own weight. Joint development of the Rolls-Royce 
R.B. 162 jet-lift engine has been agreed by the British, French and German governments. 


Experience Since 1941 Rolls-Royce has pioneered work on STOL and VTOL powerplants; 
the company's experience in this field is unrivalled. Techniques have been proved by a wide 
range of ground and flight tests including those with the ‘ Flying Bedstead " and the Short SC.1 
research aircraft. 


Wide choice Rolls-Royce can offer a very wide range of jet-lift and propulsion composite 
powerplants suitable for all types of subsonic and supersonic STOL and VTOL aircraft. 
Lightweight performance boost can be provided for STOL aircraft either by direct jet thrust or 
by flap-blowing for high lift. 


Operational advantages Aircraft with Rolls-Royce VTOL engines can operate from 
unprepared surfaces without special ground facilities. When using the latest take-off and 
landing techniques no difficulties are caused by recirculation and ground erosion. 


AERO ENGINES - MOTOR CARS - DIESEL AND PETROL ENGINES - ROCKET MOTORS - NUCLEAR PROPULSION 
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Air Transportation 


The US Civil Aeronautics Board called Pre- 
sidents of twelve major airlines to a Wash- 
ington meeting on September 28th to dis- 
cuss the financial crisis facing the US 
industry. No report was available when this 
issue went to press but the agenda reportedly 
included questions of competition within the 
industry, allocation of routes, passenger rates 
on domestic and international routes, freight 
rates and possibly the question of foreign 
carrier permits. 


In the first half of 1961 the eleven US 
domestic trunk operators reported a loss of 
$13.6 million despite increased revenues. 
Capacity, already in excess of traffic, is still 
being expanded with the introduction of 
more and more jet aircraft into service. 
Financing these fleet expansions is also pos- 
ing increasing difficulties. CAB had pre- 
viously encouraged competition, but more 
recently has adopted a policy of promoting 
mergers. 


In another move, CAB has set December 
5th for public hearings in the investigation of 
terms, conditions and limitations of foreign 
air carrier permits. The investigation is 
aimed at determining whether all foreign air 
‘arrier permits should be amended to require 
submission of traffic data. and schedules to 
CAB for approval. Fourteen foreign carriers 
filed motions challenging CAB’s jurisdiction 
but these have been rejected by CAB Ex- 
aminers. Submission of traffic statistics show- 
ing origin and destination would allow CAB 
to determine whether frequency and capacity 
was in excess of the primary justification 
traffic between the US and the carrier’s 
home country. CAB could then also prevent 
the operation of frequencies and capacity 
considered to be excessive. 

* 


The two French independent airlines TAI 
(Transports Aériens Intercontinentaux) and 
UAT (Union Aéromaritime de Transport) are 
to be merged, with TAI having 100 percent 
control of UAT. Francis Fabre, Chairman of 
Chargeurs Réunis (50 percent holding in the 
merged company) is heading a coordination 
committee to plan final details of the merger, 
which will probably come into permanent 
effect within the next two years. Combined 
fleet will be five Douglas DC-8s, two DC-7s, 
fifteen DC-6s, six DC-4s, six DC-3s and five 
de Havilland Herons. The combined system 
will have an unduplicated route network of 
190,000 km, serving 100 points in 41 countries 
on five continents. On the basis of 1961 
figures, combined traffic will put the new 
company into 20th place among the IATA 
member airlines. 

* 


Alitalia may get several new routes if current 
negotiations are successfully concluded. 
Talks are being held with Ghana on a pos- 
sible Rome-Tripoli-Kano-Accra service for 
1962. Negotiations with Japan may give a 
Rome-Tokyo route in exchange for a Rome 





* Interavia Air Letter is a daily international news 
digest published in English, French (“Courrier Aérien”), 
and German ("‘Luft-Post''). All rights reserved. 


stop on Japan Air Lines’ Tokyo-Paris route. 
Discussions on possible rights for a Rome- 
Los Angeles service with intermediate stops 
at Milan and Montreal have been reopened. 
Negotiations with the UK for readjustment 
of the traffic balance between the two coun- 
tries are expected to be reopened shortly. 


Trans-Canada Air Lines has _ reportedly 
placed an order with Douglas Aircraft for the 
DC-8F Jet Trader. Last month Douglas re- 
fused to confirm or comment on the report. 


Guest Aerovias has asked the Mexican Gov- 
ernment for permission to drop all inter- 
national services (Mexico City to Paris and 
Mexico City-US-Bermuda-Panama-Caracas) 
because of financial difficulties. Losses over 
the last three years totalled $7.6 million plus 
a further $1,040,000 in the first five months of 
1961. On September 22nd, Guest did not have 
sufficient funds to pay salaries. 


Qantas inaugurates scheduled Lockheed 
Electra service between Australia and New 
Zealand on October 3rd. Initial frequency is 
six round trips a week from Sydney or 
Melbourne to Wellington, Auckland or 
Christchurch. Qantas service is coordinated 
with TEAL operations. 


Ansett-ANA now has authority to operate 
Adelaide-Darwin and Brisbane-Mount Isa- 
Darwin routes in competition with govern- 
ment-owned Trans-Australia Airlines, and 
will start operations into Darwin on October 
15th. TAA has had a monopoly on the trans- 
continental Adelaide-Darwin route since 
1947 


Long-discussed proposals for the merger of 
Iranian Airways and Persian Air Services 
have now been finalized and the two carriers 
will now become components of a new com- 
pany, United Iranian Airlines. Under gov- 
ernment decree the merger becomes effec- 
tive on November 2nd. Existing services will 
be maintained. 

e 


Jordanian (Jordan Airways), a newly-formed 
airline, is now the only company to have 
Jordan Government operating authority, 
and was due to launch its own services on 
September 29th with two Vickers, Viscounts 
and a Douglas DC-3 purchased from Middle 
East Airlines. In September, the Jordan 
Government cancelled all airline company 
operating licences, including Air Jordan and 
the newly-registered company Jordan Natio- 
nal Airways. 

2 


The Ghana Government and Boeing have 
agreed to cancel the order for two Boeing 
707-420s for Ghana Airways. Ghana cannot 
find the necessary finance to meet early 
delivery dates. 








Industry 


General Dynamies/Convair will deliver 990s 
to American Airlines, Swissair and SAS from 
end-October to February 1962. The aircraft 
will be delivered in the present configuration 
and modifications to correct performance 
deficiency will be carried out in the field 
based on results of present testing. All seven 
990s for Swissair/SAS will be delivered by 
January 16th (perhaps fully modified) and 
will go into scheduled operation on South 
Atlantie routes on that date. 


Thiokol Chemical Corp. Reaction Motors 
Division has a $1,033,000 US Navy contract 
for production of test and evaluation models 
of the LR 62 RM-2 package liquid rocket 
engine to power the Bullpup air-to-surface 
missile. Production will be at Denville, N.J. 


De Havilland Aireraft is building an initial 
batch of 30 DH.125 Jet Dragon six-seat exe- 
cutive aircraft and has given Bristol Siddeley 
Engines a £1 million contract for sixty 
3,000-lb thrust Viper 20 turbojet engines. 
Flight testing should commence in June 1962 
with deliveries available in early-1963. 


French aircraft industry export business total- 
led NF 753.9 million ($150.8 m) in the first 
six months of 1961. Complete aircraft and 
airframes accounted for NF 404 million, 
helicopters NF 36 million, engines NF 100 
million, rockets and missiles NF 30.5 million, 
and equipment NF 183.4 million. Twenty 
percent of the total in respect of aircraft, 
helicopters and engines was for spares, 
modifications and technical assistance valued 
at approximately NF 100 million. 

* 


British Aircraft Corporation’s Mach 2 super- 
sonic transport study for the Ministry of 
Aviation will be completed by about the 
end of the year. BAC has already submitted 
proposals to the Ministry and the original 
contract has been extended to the end of the 


year. 
. 


The Martin Company has a US Navy 
$99,000 six-month study contract for design 
of an advanced navigation aid for submerged 
submarines. The navigation system is pro- 
posed for installation in AUTEC, the Navy’s 
Atlantic Undersea Test and Evaluation Cen- 
ter. Both passive and acctive navigation aids 
will be considered with the final system to 
include both submarine-borne and fixed 
undersea units. 

* 


Société Rateau of Paris is to sue Rolls-Royce 
Ltd. for alleged infringement of British-re- 
gistered patents on jet engines dating back to 
1939. Rolls-Royce has filed a defence and 
counter-claim. The action is expected to be 
heard towards the end of this year but may 
drag on for a long time. This may be a test 
ease for similar actions against other com- 
panies. 


Siebel-Werke will probably become the 
second German company in the airframe 
consortium for the Breguet Atlantic ASW 
aircraft now in joint European production 
for NATO. Dornier-Werke is currently the 
only West German company involved in the 
programme. 

*£ 


Ford Motor Company will acquire electronic 
defence equipment manufacturer Philco 
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Corporation of Philadelphia and both Boards 
have agreed the transaction. One share of 
Ford common stock will be exchanged for 
each 4.5 shares of Philco. The move is clearly 
aimed at boosting Ford’s defence ‘business, 
which has declined sharply in the last year. 
Philco will be operated as a wholly-owned 
Ford subsidiary. 

% 


The Bendix Corp. has received a $10,845,000 
US Navy contract for first-phase develop- 
ment of the long-range Typhon surface-to- 
air missile. 

oe 


The Raytheon Co. received three US Army 
contracts totalling $37.3 million for the Hawk 
last month. Bulk was for Hawk production, 
with $13 million for ground support equip- 
ment and $2.3 million for field maintenance 
test shops. 

* 


Douglas Aircraft’s El] Segundo plant is to be 
closed down and A4D Skyhawk production 
will be switched to the Torrance (manufac- 
turing) and Long Beach (assembly) plants, 
beginning this month. Some personnel will be 
switched to Torrance and Long Beach but 
lay-offs at El Segundo will total approxim- 
ately 1,650. Last month Douglas won two new 
US Navy contracts, totalling $84 million, for 
the A4D-5 and the A4D-2N. 


Military Affairs 


Five tri-service VTOL transport prototypes 
are to be built by a three-company contractor 
team including Chance Vought, Hiller Air- 
craft and Ryan Aeronautical. The USAF has 
now taken over responsibility for manage- 
ment of the programme from the United 
States Navy, and first consideration will go 
to Army and Air Force requirements. Spe- 
cification calls for a 250-300 knot cruise 
speed, 200-300 n.m. radius of action and pay- 
load of up to 8,000 Ib. Cost of the develop- 
ment programme is $70 million but this may 
be increased to $100 million if additional pro- 
posals submitted are approved later. 

a 


US Army planners see a requirement for a 
10-ton capacity STOL transport to comple- 
ment battlefield mobility. Still in the concept 
stage, this aircraft would provide a link be- 
tween relatively remote terminals to which 
strategic transports would carry the troops, 
and the periphery of the actual battle zone. 
Size would lie somewhere between the C-130 
Hercules and the 3-ton capacity DHC-4 
Caribou. 

a 


A US Army decision to proceed with or drop 
the FABMIDS (Field Army Ballistic Missile 
Defense System) is expected within the next 
month or so. Results of 9-month feasibility 
studies of a system to protect field troops 
from missile attack are still being evaluated. 
Some 20 industrial companies grouped in 
teams are involved in the project. 

. 


The US Navy announced new orders totalling 
$274 million for combat aircraft and helicop- 
ters in September. Major contracts: $180.1 
million went to MeDonnell Aircraft for 
follow-on production of the F4H1 Phantom II 
supersonic interceptor; Chance Vought Corp. 
received $58 million for production of the 
F8U-2NE all-weather fighter; Lockheed Air- 
eraft, $13.3 million for P3V-1 Orion ASW 
aircraft production; Grumman Aircraft, 
$2.1 million for production of the S2F-3 
earrier-based ASW aircraft; Sikorsky Divi- 
sion of UAC, $14 million for helicopter 
production. 

* 
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The Canadian Government has decided to 
order the Canadair CL-41 primary jet trainer 
for the Royal Canadian Air Force. The con- 
tract will reportedly cover 190 aircraft 
valued at $23 million. 


West German Defence Ministry has ordered 
ten Lockheed JetStars. Six will reportedly 
go to the Air Force for use as electronic 
trainers, two to the Defence Ministry’s VIP 
Flight Unit, and two earmarked for “special 
uses.” 


The Indian Defence Ministry has reportedly 
bought six Klimov VK-5 axial flow turbojets 
from the Soviet Union to power the HF.24 
supersonic fighter and has broken off nego- 
tiations with Bristol Siddeley to purchase the 
Orpheus BOr.12 originally planned to power 
this aircraft. The Orpheus 12 has been type- 
tested but requires running time, and the 
Indian Government has apparently refused 
to consider paying the development costs. 
Reports indicate that VK.5s will be installed 
in the second and third HF.24s for the pro- 
totype trials. 


Aircraft and Powerplant 


The Hawker P.1127 VTOL aircraft (one 
Bristol Siddeley BS.53 Pegasus) made its 
first full transition flight (vertical-horizontal- 
vertical) at the company’s Dunsfold air- 
field on September 20th. Earlier flights had 
tested hovering performance and conven- 
tional take-offs and landings. This was also 
the first transition flight by the vectored 
thrust Pegasus powerplant. 

= 


Handley Page is currently studying a 50/70- 
seat twin-jet short-haul aircraft for econo- 
mical operation over 50-500 mile stage 
lengths (maximum range 1,000 miles). Prima- 
ry use would be for tourist flights from the 
UK to the Mediterranean. Development 
period of the aircraft is estimated at about 
five years. 

7 


The Bureau d’Etudes Navales et Aéronauti- 
ques (Paris) has developed the SUC-11-G 
Supercourlis touring and light cargo aircraft, 
a successor to the four-seat SUC-10 originally 
developed by SECAN. The SUC-11-G is an 
all-metal, high-wing design with twin tail 
booms and a central fuselage ; fixed nose- 
wheel (SECAN design) ; Continental 240 h.p. 
model 0-470-M engine; Hartzell variable- 
pitch pusher propeller ; two 28.6 Imp. gal 
wing tanks (an auxiliary tank can be moun- 
ted below the cabin floor). Supercourlis’ 
normal capacity is pilot and four passengers 
but up to 1,235 Ib of freight can also be 
sarried. Span 40.5 ft ; length 26.8 ft ; wing 
area 211.0 sq.ft; weight empty 2,240 lb; 
gross weight 3,440 lb; cruising speed 108 
knots ; range 430 n.m. or 540 n.m. with 
auxiliary tank. 

e 


Dassault’s Spirale 3 light transport project 
will have advanced high-lift devices to give 
improved STOL performance. The two 
1,625 h.p. Turboméca IIID turboprop en- 
gines will have 3.6 metre Ratier-Figeac 
propellers and will also both drive centrifugal 
compressors to provide full-span BLC air 
through slots over the landing flaps and aile- 
rons. Failure of one engine will be com- 
pensated by cross switching. 

At an AUW of 20,940 Ib, the Spirale 3 will 
have a one-engine-out stalling speed of 54 
knots or 60 knots at 24,250 lb AUW. Rate of 
climb on one engine 551 f.p.m. or 335 f.p.m. 
respectively. Take-off roll (at 15°C) 413 ft or 


574 ft respectively. Take-off distance to clear 
35 ft is 755 ft and 1,100 ft respectively. 


North American Aviation is reportedly work- 
ing on a civil short-haul jet transport project. 
The initial design is believed to be based on 
four rear-mounted General Electric CF-700 
turbojet engines. 

* 


The Prague Aviation Research and Develop- 
ment Institute is currently working on a tilt- 
wing VTOL aircraft design, according to 
reports from Czechoslovakia. The design is 
based on two piston engines, giving a maxi- 
mum horizontal speed of some 300 m.p.h. 


Potez’ new 5.13 litre model 6E engine, a six- 
cylinder version of the model 4E, is rated at 
155 h.p. (max.) at 2,700 r.p.m. Cruise power 
is 109 h.p. at 2,400 r.p.m. Fuel consumption 
is 12.56 Imp.gal/hr at maximum power or 
6.6 Imp.gal/hr at cruise power. An improved 
model 6E, rated at 180/200 h.p., will probably 
be offered later. 

* 


Aveo Corp. Lycoming Division has com- 
pleted the official 150 hours military 
qualification tests with the 1,100 s.h.p. 
T53-L-9 helicopter engine, and the results 
have been accepted by the USAF. The 
T53-L-9 will power versions of the Army’s 
Bell HU-1B helicopter and the more ad- 
vanced HU-1D model. Lycoming already 
has an initial production contract. 


Missiles and Space Research 


The US Navy successfully launched the first 
Sparoair two-stage rocket probe to an alti- 
tude of 64 miles from a Douglas F'4D fighter 
at Point Mugu, Calif. The two-stage vehicle 
measured 12 ft in length and 8 in. in diameter. 
Propulsion for each stage was provided by a 
Sparrow solid-propellant missile motor with 
a burning time of two seconds. Payload for 
the initial experiment weighed 35 lb and con- 
tained only a tracking beacon. The Navy 
plans a total of 10 Sparoair launchings as 
part of a project supported by the Office of 
Naval Research. ° 


The Deutsche Raketengesellschaft has suc- 
cessfully carried out a series of trials with 
one- and two-stage rockets carrying small 
animals (a goldfish and a salamander) for 
research purposes. Rockets used were the 
single-stage Cumulus with a length of ap- 
proximately 10 ft, weight 137 Ib, thrust 
approximately 0.5 tons, and the two-stage 
Cirrus. The latter weighs approximately 
220 lb, thrust about 1.2 tons and a ceiling 
between 30 and 42 miles. The containers 
carrying the test animals and scientific in- 
struments were recovered by parachute. 


Nord-Aviation has developed two surface-to- 
surface guided missiles from the Mach 0.85 
CT.20 jet target drone, the SM.20 for coastal 
defence against naval targets and the MM.20 
for shipboard use against naval targets. 
Both weapons have a range of 155 miles and 
can mount a 550-lb warhead. More than ten 
test flights have already been completed. A 
third version, the R.20 reconnaissance drone 
with a range of 90 miles is also in flight test. 
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More power to you—from Douglas 


Rolls-Royce powered Series 50 DC-8 in flight at supersonic speed during routine certification test. 


Douglas, like your distinguished members, is committed to providing ever finer air 
transport vehicles and service. To this end, we now offer: 


For long range passenger service—The DC-8 Series 50 jetliner, fastest, longest 
range commercial jet transport in the world. 


For jet powered cargo-passenger service—The DC-8F Jet Trader, which will 
make it possible to cut present air freight rates in half. 


For speedy jet service on shorter routes—The Sud Caravelle, which can get in 
and out of small airports which the big jets overpass. 


Look to Douglas for the latest in jet transport development. D O U G L A S 


DC-8 JETLINERS @ MISSILE AND SPACE SYSTEMS @ MILITARY AIRCRAFT @ RESEARCH AND DEVELOPMENT PROJECTS @ GROUND SUPPORT EQUIPMENT @ AIRCOMB® @ ASW DEVICES 
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FERRANTI 


ELECTRONIC & GYROSCOPIC 
EQUIPMENTS 


Ferranti are able to offer a wide range of Gyroscopic 
and Transistorised equipments for all types of 
aircraft. The main features of these equipments are 
their high reliability and efficiency, coupled with 
light-weight and small space demands. Many units 
are hermetically sealed. 

All Ferranti equipments are fully supported by a 
world-wide technical service organisation and con- 
form to British Civil Air Requirements (B.C.A.R.). 


* Artificial Horizons in 43” and 3}” cases. 
* Horizon Gyros. 

* Vertical Signalling Gyros. 

* Helicopter Flight Instrument Systems. 
* Inertial Navigation Systems. 

* Transformer Rectifier Units. 


*% Transistorised Static Inverters, Converters 
and Voltage Regulators. 


* Vocal Audio Warning System. 


FERRANTI 


First into the Future 


Enquiries to :- FERRANTI LTD. 
AIRCRAFT EQUIPMENT DEPT. MOSTON, MANCHESTER 10 
Telephone : FAlisworth 2071 


or WESTWICK, BRACKNELL, BERKSHIRE 
Telephone : Bracknell 1211 
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Photographed at Frankfurt/Main on the proud wing of a LUFTHANSA 707 Intercontinental ... jet engines by Rolls-Royce 


Why everyone at LUFTHANSA 


Though LUFTHANSA has convenient schedules to all 
parts of the world (North and South America, the 
Near, Middle, and Far East), swift Boeing 707 Jet 
Intercontinentals and Boeing 720 B's, superb Continental 
service and cuisine... we still say, see your. Travel 
agent. Your Travel Agent serves you, in your best 
interests, by planning your trip down to the last detail (if 
you wish), obtaining your tickets, hotel reservations, 





1330 INTERAVIA 10/1961 


says 'See Your Travel Agent” 


arranging sightseeing, renting a car or a yacht, cutting red 
tape, coordinating and recommending. He is equipped to 
perform services so wide and varied it would take pages 
to detail them. He can save you time, trouble and 
money. Makes no difference whether your trip is a short 
one or around the world. 

Why travel without the expert advice of your Travel 
Agent? See him... about any travel problem. 


LUFTHANSA 


THE LEADING AIRLINE FOR SERVICE 
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The Boeing 707 prototype, which proved out 
advanced design features of the Boeing 707 
and 720 jetliners, is now at work as a flying 
test bed for the next generation of Boeing 
jets—the three-engine short-range 727. 
The prototype is shown above equipped 
with a fifth engine, conducting exhaustive 
tests of the efficiency and performance of 
side-mounted engines, a feature of the 727. 
In addition, the 707 prototype is testing new 
high-lift wing flaps, aircraft systems and 
other design features that will make the 


Fifth engine tests Boeing 727 design feature 


727 the most advanced jetliner of its class. 

Already, one hundred seventeen 727s have 
been ordered by American Airlines, Eastern 
Air Lines, Lufthansa German Airlines and 
United Air Lines. Deliveries begin in 1963. 
The 727 will operate from 5,000-foot run- 
ways with full payload, serving routes from 
150 to 1700 miles. It offers airlines many advan- 
tages, including components and systems that 
have demonstrated outstanding performance 
and reliability in over 300,000,000 miles of 
Boeing jetliner operations. 


SELDEN i 
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TRAVEL BY JET 





we > ? % we a 
BANGKOK - Tuesday 


a 





PARIS - Friday 


Every week two TAI DC-8 jets take off from Paris, one Eastbound 

and the other Westbound, in order to fly round the world under 

the French flag. 

You will have the advantage over the entire route, of the INTER- 

CONTINENTAL JET’s remarkable speed—you take off from 

PARIS on Monday afternoon, arrive at BANGKOK at noon on 

Tuesday eran eee 13 4% hours) and at SYDNEY on Wednes- 

day morning (25 hours). in the other direction, takeoff is from 
S on Wednesday evening, arriving at TAHITI late on 

Thursday afternoon, after an overnight stop at LOS ANGELES 

(flying time, 24 hrs. 25 mins.). 

Go on a made-to-measure world tour, choosing your stops from 

these world tourist highspots: ATHENS, TEHERAN, BANGKOK, 

ANGKOR, BALI, NOUMEA, HAWAII. 

Travel in good company by TAI JET. 

Ask your travel agent for details : he will be glad to advise you. 





ain TRANSPORTS AERIENS INTERCONTINENTAUX 
P B. P. 118, AEROPORT DE PARIS-ORLY - POR. 79-09 
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NAVIGATION 
SYSTEM FOR 
THE JET AGE 
THE DEGCA 
NAVIGATOR 
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OMPREHENSIVE 








The only system capable of meeting all 
the navigational requirements of the jet 
age, the Decca Navigator provides high 
accuracy coverage over a wide area, 
regardless of altitude, terrain or climatic 
conditions. Withthe pictorial presentation 
of the Flight Log pilots can see all their 
required navigational information at a 
glance. All aircraft can maintain any pre- 
selected tracks with ease and accuracy 
and jets can be assigned climb and 
descent paths that permit them to operate 
safely and economically. 

Over 7,000 ships and aircraft already rely 
on Decca—using the same system which 
operates from the ground upwards. 


The Decca Navigator Company Ltd London 








~New York 





Frida 


Seema 


Ceca ESEt Se mer ery 





Boe 


PIA to New York! That means an exciting 
new route with a real Pakastani welcome 
as you come aboard and a unique 
personal service, all the way across the 
Atlantic. American-trained air crews. 

A choice of superb western and eastern 
menus. A friendly understanding that 
banishes boredom with a hundred and 
one little thoughts for your comfort. You 
leave on a Friday and you arrive... the 
same evening. PIA, by far the most popular 
route with overall 94% on time perfor- 
mance between London and Karachi, 
now flies to the west, to give you a 
delightful new travel experience and a 
wonderful memory of a happy flight. 


Weekly service by Boeing 707 First and 
Economy class, departing London each 
Friday at 18.30 hours, arriving New York 
Idlewild 21.50 hours (Local times). 


Karachi, Tehran, Beirut, Rome, Geneva, 
London 
and now New York. 


Consult your travel agent or 
PIA, 1, rue de Cornavin, Geneva 
Phone 022/32 09 50 
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PAKISTAN INTERNATIONAL AIRLINES 












IMPORTANT ANNOUNCEMENT 
TO ALL 
AVIATION ADMINISTRATIONS 


The automatic landing of aircraft is an accomp- 
lished fact, and the necessary airborne equipment is 
now being scheduled into five types of British 
aircraft. 


It is likely that the international specification 
covering I.L.S. (Instrument Landing System) will 
be upgraded in the near future. 


As designers and manufacturers of high accuracy 
Radio Altimeters for automatic landing, STC 
took both the above factors into consideration 
when designing the new STAN.7/8 I.L.S. now being 
installed at all major civil airports in the 
United Kingdom including four at London Airport, 
two at Gatwick, two at Prestwick and two at 
Manchester. 


STAN.7/8/9 is now in service at Zurich inter- 
national airport; two equipments will be installed 
at Brussels international airport later this year. 
Equipment has also been ordered for Schiphol air- 
port in Holland. 


The STAN.7/8/9 I.L.S. is built to the highest 
engineering standards to obtain the greatest poss- 
ible accuracy, stability and reliability. 


WHEN ORDERING NEW I.L.S. FOR AIRFIELDS UNDER YOUR 
CONTROL WE SUGGEST THESE IMPORTANT FACTS ARE BORNE 
IN MIND. 





Standard Telephones and Cables Limited 


RADIO DIVISION: OAKLEIGH ROAD - NEW SOUTHGATE - LONDON N.II 
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Mach 2 


strike aircraft 


in service with the French Air Force 
and 


on order by several foreign Air Forces 


Générale Aéronautique Marcel Dassault 
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signaal automatic air traffic control 


To keep up financially with technical advance in the aircraft industry - 
that is the problem our airline companies have to wrestle with. Modern 
jet-airliners cost up to £2.000.000 each! Every minute an aircraft has to 
circle an airport means more money; every missed connection, every 
flight at an unfavourable altitude means more money. And it all costs 


SATCO 


more, the more expensive aircraft becomes. 


SATCO 


Automatic Air Traffic Control System will help to reduce these costs. 
comprises the ground equipment to predict, coordinate, check and display 
the movements of air traffic en-route and in terminal areas. It provides an 
extremely rapid method of calculating flight paths, for assessing potential 
conflicts and for co-ordination between Area Control Centres. Special 
features are included for military/civil co-ordination and for the control of 
jet-powered traffic. The system has been ordered by the Netherlands 
Government, and the first phase is now in operational use. 
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HAWKER SIDDELEY AVIATION 


32 Duke St., St. James’s, London, S.W. 1 
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with Bristol Aerojet Pressure Vessels 


tensile strength of 80 tons per sq in, these vessels have been 


As every aircraft operator and constructor knows, less weight 
means better performance, bigger payload, bigger profits. 
Bristol Aerojet pressure vessels save at least 5 lb per 500 cu in 
and as much as 50%—when compared to forged vessels. On 
one vessel of 1,000-cu-in capacity, this means an annual return 
of £385 on a civil airliner with average utilisation. 


Bristol Aerojet pressure vessels have been specially designed 


to operate with great reliability at high stress levels. Made of 


chrome molybdenum steel, heat treated to a minimum ultimate 





BRISTOL AEROJET 








approved for service under ARB conditions. 

Bristol Aerojet pressure vessels range from 10 to 2,000-cu-in 
capacity and are produced in a number of shapes to conform to 
special applications. They have been ordered by the leading UK 
airframe and weapon constructors, and also the main auxiliary 
equipment manufacturers, for they pack more energy into less 
space for less weight than any other type of gas storage vessel. 


For further information, please write to: 

P. W. LAWSON, CIVIL SALES MANAGER, 
BRISTOL AEROJET LIMITED, 

BANWELL, WESTON-SUPER-MARE, ENGLAND. 
TELEPHONE: BANWELL 250. 
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S/VTOL Aircraft for 


The main efforts of the European airframe, 
engine, and equipment industries continue to be 
directed to the development and production 
of new military aircraft for NATO. Now that 
the F-104G and G.91 programmes are in full 
swing, that construction of the first Jransall 
prototype is imminent and that the first pro- 
totype of the Breguet 1150 Atlantic naval 
reconnaissance aircraft for NATO is being 
prepared for flight testing, some concerns in the 
industry are already at work on the European 
standard turbine helicopter for transport and 
ASW. Since Sud-Aviation, Weser Flugzeugbau, 
and Sikorsky are all strenuously engaged on this 
helicopter, this comprehensive development 
programme will no doubt be completed on time. 

Dozens of European and American firms are 
however alreidy giving their attention to two 
new aircraft for NATO, which will probably be 
built in large series and which hold promise of 
adequate employment for the European air- 
frame, engine, and equipment manufacturers in 
the second half of the sixties. The new aircraft 
in question are the frequently mentioned VTOL 
strike/reconnaissance aircraft (NATO specifica- 
tion NMBR.3) and the STOL battle zone 
transport (NMBR.4). The letters NMBR, which 
have so far been current only amongst those on 
the inside, stand for NATO Military Basic 
Requirement—i.e. NATO specification. NMBR.3 
was circulated to the industrial circles con- 
cerned in June of this year, and designs are to 
be submitted by the end of the year. NMBR.4 
specifications have also been worked out and, 
according to well-informed sources, plainly 
reflect the pronounced influence of American 
thinking. The deadline for submitting feasibility 
studies is November 15th, 1961. Nevertheless, 
it is to be expected that the STOL transport 
called for by NATO will be ready considerably 
later than the first prototype of the single-seat 
strike aircraft, a fact which is of no significance 
insofar as a series of prototypes or trial models 
of the combat and reconnaissance aircraft would 
have to be tested before there is any question 
of quantity production. But both aircraft 
should be going into series production by the 
middle of the present decade. 


* 


Project NMBR.3 consists of two phases. 
Under the first, the British Hawker P. 1127 
single seat VTOL combat aircraft is to be 
further developed and tested. This is, of course, 
an aireraft for speeds in the neighbourhood of 
Mach 1, whereas phase two of the NMBR.3 
programme provides for production of a super- 
sonic aircraft capable of speeds over Mach 1 
even at ground level. In any case, the first 
operational squadron would have to be ready 
not more than four years after the prototype 
selected by NATO starts flight tests. Since the 
majority of the phase two prototypes are 
unlikely to be available prior to 1962/63, there 
is little likelihood of the VTOL single-seat 
strike aircraft going into service prior to 1966/67. 
This will necessitate very circumspect planning 
on the part of the airframe designers, especially 
in relation to the engines, as the period required 
for their development is notoriously difficult to 
predict. 


A typical STOL transport, with four Bristol Siddeley Pegasus BS.53 engines and nacelles 
for batteries of lift jet engines at the wing tips (Armstrong Whitworth 681 ?). 


Of considerable importance as regards phase 
two of programme NMBR.3 is the recent agree- 
ment between Hawker Aircraft of Britain and 
Focke-Wulf of Western Germany, providing for 
a joint approach to the development of a 
VTOL single-seat strike aircraft and joint sub- 
mission of a project. For this purpose, a joint 
study office will be set up at Hawker Aircraft’s 
Kingston factory, whilst a technical liaison 
office is planned at Focke-Wulf in Bremen. 

Meanwhile, Entwicklungsring Sid at Munich 
continues relentlessly to pursue its VJ.101 
VTOL single-seat strike aircraft programme. 
Trials with a flying testbed have been in progress 
for some time. On the strength of the results 
yielded by these tests, it can be assumed that 
the first prototype will begin flight-testing in a 
few months’ time. This prototype is presumably 
equipped with four Rolls-Royce RB.108 lift 
jets and two Rolls-Royce RB.145s (with after- 
burner). Construction of the series model— 
probably fitted with two RB.153s and four 
RB.162s—depends mainly on the results of the 
flight-testing of the prototype and on the 
availability of the Rolls-Royce RB.162 engines, 
as jointly developed by Britain, France, and 
West Germany. 

As is well known, the Rolls-Royce RB.162 jet 
engine is also critically important for the VTOL 
development programme of Dassault in France. 
The production model of the vertical takeoff 
version of the GAMD Mirage multipurpose 
fighter, designated Mirage V1, will be powered 
by eight Rolls-Royce RB.162s (about 4,400 lb 
thrust apiece) for lift, and one SNECMA/Pratt 
& Whitney JTF10 (about 18,000 lb thrust 
with reheat) for horizontal propulsion. The 
Mirage V1 will have a slightly modified Mirage 
IIIC wing, with an area of 375 sq.ft and a take- 
off weight of some 24,000 lb, whereas the Balzac 
prototype (eight RB.108 lift engines of 2,200 lb 
thrust each and one Bristol Orpheus BOr.3 of 
about 6,600 Ib thrust) will weigh only a little 
over 14,000 Ib. First flight of the Balzac is 
scheduled for May 1962, and the Mirage V1 is 
expected to commence flight testing in 1963. 
One can confidently assume that the V TOL 
Mirage will be built in series for the French Air 
Force, even if NATO decides on another VTOL 
combat aircraft. 

Besides this, the following firms in France are 
engaged in STOL combat aircraft projects: 

SNECMA: the AP-519, equipped with two 
JTF10 bypass engines. This aircraft is designed 
on the “tail sitter” principle and has a cockpit 
which can be swivelled independently of the 
flight attitude. 

Breguet: the Breguet 1110, powered by three 
Rolls-Royce RB.162 lift jet engines and two 
RB.153 thrust jets. 

Nord-Aviation: the Nord 4210, fitted with 
the Bristol Siddeley BS.53/15 lift/thrust jet 
engine, to be followed later on by the Nord 
4400 with the same engine uprated. 

Sud-Aviation: the SA.600, with six Rolls- 
Royce RB.162 lift jet engines and one RB.168 
thrust jet engine. 

These projects, however, no longer appear’ to 
enjoy Government support, and it is to be 
assumed that only a further developed version 








NATO 


of the Nord 4210, powered by the BS.100, will 
be offered under NMBR.3. 

It is also the intention of Short Brothers and 
Harland Ltd. to participate in the NATO 
NMBR.3 programme, and this Company would 
do so in cooperation with another, as yet un- 
disclosed, concern in the British or Continental 
aviation industry. Both the Short and Hawker 
Aircraft projects are being financed without 
outside help. No direct assistance towards these 
projects is to be expected from the British 
Government. 

Fokker’s and Republic’s joint plans, based 
on Bristol Siddeley’s projected BS.100 engine 
with swivelling nozzles (thrust about 36,000 Ib), 
is well advanced. The design provides for a 
highly swept delta wing plus auxiliary wings 
which can be spread in flight, thus significantly 
increasing the effective wing area; this results 
in a marked improvement both in level takeoff 
and landing qualities, and in flight charac- 
teristics in the subsonic range. With auxiliary 
wings retracted, this aircraft would be able to 
fly at supersonic speeds of about Mach 1.3 even 
at ground level, and its flight performance, all- 
weather capability, range, and payload are in 
line with the NMBR.3 specification. Moreover, 
Republic has behind it years of extensive 
investigation undertaken by NASA into its 
unique wing concept (delta wing plus auxiliary 
wing of variable sweep) and the USAF Tactical 
Air Command is also showing interest in its 
design. 

* 


NMBR.4 relates to a medium-range STOL 
transport with 8.0 x 8.8 x 30.0 ft of cargo space 
and a takeoff run not exceeding 500 ft. Payload 
is to be 12,000 lb and cruising speed 300 knots. 
A considerable number of European aviation 
concerns are working on projects to meet this 
specification, successful execution of which will 
depend mainly on the availability of suitable 
engines. Some designs, for example, make use 
of the Bristol Siddeley BS.53 (or further deve- 
loped versions thereof), complemented by BS.59 
ducted fan lift engines. Others, again, are based 
on Rolls-Royce thrust and lift engines. 

In the Federal German Republic, the principal 
firms interested in the development of a STOL 
transport to meet the NMBR.4 specification are 
Dornier, Focke-Wulf, and Weser. Focke-Wulf 
has put its money mainly on a design, provision- 
ally termed FW260, incorporating two BS.75 
ducted fans and twelve BS.59 lift engines; the 
latter could however be replaced by RB. 162s. 

The British project, namely the BAC Group’s 
Bristol 208, relies on four further developed 
versions of the Bristol Siddeley BS.53 jet engine, 
to be installed in pairs. This aircraft, whilst 
designed primarily for STOL, could be developed 
into a VTOL aircraft by fitting lift jet engines 
under the wing. In the Bristol 208, the inboard 
exhaust nozzles of each pair of BS.53s will be 
eliminated. Air for boundary layer control will 
be bled off from both engines through a common 
duct. An Armstrong Whitworth design, the 
AW.681, has four individually suspended BS.53 
lift/thrust jet engines, compressed air for 
boundary layer control being bled off separately 
from each engine. The Bristol Siddeley and 
Armstrong Whitworth designs match Royal 


The supersonic further development of the Hawker P.1127, powered by the BS.100 swivelling 
jet engine, may look something like this. 











INTERNATIONAL 
MEETINGS AND CONFERENCES 


Oct. 4th-6th: National Association of Air 
Traffic Specialists, Ist Annual Meeting. 
Oklahoma City, Okla. 

Oct. 4th-6th: American Society of Photo- 
grammetry, Semi-Annual Convention. 
Biltmore Hotel, New York. 

Oct. 4th-12th: Electronic Computer Exhibi- 
tion, including Electronic Data Processing 
Symposium. Olympia, London. 

Oct. 5th: International Airline Navigators 
Council, Regional Meeting. San Francisco, 
Calif. 

Oct. S5th-6th: BEAMA (British Electrical 
and Allied Manufacturers’ Association) 
Golden Jubilee Export Conference. Lon- 
don. 

Oct. Sth: 9th International Communications 
Conference. Genoa. 

Oct. 9th-11th: Airport Operators Council, 
Mid-Year Membership Conference. El Paso, 
Texas. 

Oct. 9th-l1lth: IRE, National Electronics 
Conference. International Amphitheatre, 
Chicago, Il. 

Oct. 9th-13th: SAE, National Aeronautic and 
Space Engineering Meeting. Ambassador 
Hotel, Los Angeles, Calif. 

Oct. 9th-15th: Aircraft Owners and Pilots 
Association Convention. St. Petersburg, 
Fla. 

Oct. 9th-15th: American Rocket Society 
“Spaceflight Report to the Nation.” New 
York. 

Oct. 10th-12th: DOD, Symposium on Shock, 
Vibration and Associated Environments. 
Detroit. 

Oct. 14th-2ist: Fédération Aéronautique 
Internationale, General Conference. Monte 
Carlo. 

Oct. 15th-19th: 17th Annual ISA _ Instru- 
ment-Automation Conference and Exhibi- 
tion. New York. 

Oct. 16th-20th: AGARD Structures and Ma- 
terials Panel Meeting. Paris. 

Oct. 19th: National Safety Council, General 
Aviation Safety Committee. Chicago, III. 

Oct. 19th: IATA Executive Committee. 
Sydney, Australia. 

Oct. 19th-20th: National Conference on 
Industrial Hydraulics. Illinois Institute of 
Technology, Chicago, Il. 

Oct. 20th: Institute of Radio Engineers, 
Conference on Electronic Reliability. New 
York. 

Oct. 23rd-24th: International Airline Navi- 
gators Council, European Regional Meet- 
ing. Paris. 

Oct. 23rd-25th: IRE, East Coast Conference 
on Aerospace and Navigational Electro- 
nics (ECCANE). Lord Baltimore Hotel, 
Baltimore, Md. 

Oct. 23rd-27th: [ATA 17th Annual General 
Meeting. Sydney. 

Oct. 23rd-27th: IRE, AEC, NASA, Inter- 
national Symposium on Aerospace Nu- 
clear Propulsion. Las Vegas, Nev. 

Oct. 24th-26th: Air Transport Association, 
Air Traffic Conference. Washington, D.C. 

Oct. 24th-26th: Air Transport Association, 
Engineering and Maintenance Operators 
Meeting, Miami Beach, Fla. 

Oct. 25th-26th: Armour Research Founda- 
tion 1961 Computer Applications Sym- 
posium. Morrison Hotel, Chicago. 

Oct. 26th-27th: IRE, Symposium on Instru- 
mentation Facilities for Biomedical Re- 
search. Omaha, Neb. 


Oct. 27th: IATA Executive Committee. 
Sydney. 
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Air Force requirements and, whilst somewhat 
larger than prescribed by NMBR.4, will prob- 
ably be offered to NATO all the same. 

In France, whilst Nord-Aviation and GAM 
Dassault are also currently engaged in designing 
a STOL transport of this type, the French 
Government, in view of commitments under the 
Programme Law, would hardly seem in a 
position to participate in the NATO procure- 
ment programme, and NATO is consequently 
unlikely to accept a French transport design. 
In any ease, France has to find substantial 
credits for the Sud-Aviation Super Frelon heli- 
copter, as well as funds for further development 
of the Breguet 941 STOL aireraft and con- 
siderable sums for production of the Transall 
C.160 combat zone transport. Meanwhile, it 
appears to have been decided to entrust the 
production of the new NATO transport to a 
consortium, with cooperation between the parti- 
cipants on the same lines as for the Breguet 
Atlantic and other NATO machines. 

Another contender to be reckoned with is 
Entwicklungsring Nord, or ERNO, an associa- 
tion established in Western Germany between 


Focke-Wulf GmbH, Bremen, Weser Flugzeug- 
bau GmbH, Bremen, and Hamburger Flugzeug- 
bau GmbH, Hamburg. The main interest of this 
* development ring” is probably the NATO 
medium-range transport, and the possibility of 
ERNO’s forming alliances for this purpose with 
British and French concerns, or for that matter 
an American concern too, should be kept in 
mind. 
* 


From this short, and by no means complete, 
review, it emerges that the European projects 
are, almost without exception, based on British 
engines, with Bristol Siddeley offering the 
BS.100 lift/thrust engine, the BS.59 series lift 
engines, as well as a military variation of the 
BS.75 and its BS.94 swivelling jet version, and 
Rolls-Royce various lift jet fans and lift jet 
engines, in addition to thrust engines with jet 
deflector nozzles. Whatever aircraft in the two 
categories discussed are finally picked by NATO, 
there is every likelihood that the powerplant 
in the new generation of combat and transport 
aircraft will be “ Made in England.” 





Robert Ellsworth Gross 


“ Bob” E. Gross, Board Chairman and 
Chief Executive Officer of Lockheed Aircraft 
Corporation, was not an old man. At his 
death on September 3rd, 1961, in Santa 
Monica, he was only 64, but he lived long 
enough to see his life’s work crowned. The 
day he died, there could have been few air 
force bases or airports in the world which had 
never seen the landing or takeoff of an air- 
eraft built by Lockheed, and there are also 
the Lockheed Polaris missiles on board 
American nuclear submarines. 

In the course of barely three decades, Gross 
built up a concern that is a household word 
to anyone conversant with the aviation and 
space industry. And all this he created out of 
nothing, for the Burbank, California aircraft 
works of the brothers Allan and Malcolm 
Loughead, which he acquired in 1932, was 
an empty shell. After bringing out a few 
wooden aircraft, all named after stars 
(Sirius, Orion, Vega), it found itself bereft 
of funds. Unable to see a way out, their 
business manager, Carl B. Squier, sent an 
SOS to a young banker on the East Coast of 
America, whom he knew to be enterprising, 
full of ideas, and tough—the banker was 
Robert E. Gross. 

Born in Roxbury, Massachusetts, on 
May 11th, 1897, son of a successful coal and 
copper mining man, Robert Gross finished 
his studies at Harvard and joined the Boston 
firm of Lee, Higginson & Co., for whom he 
worked in New York and London. Extensive 
business travel on the Continent widened his 
outlook on the requirements of modern in- 
dustrial finance. Robert Gross became parti- 
cularly interested in the aviation industry 
and, when still a young bank employee, 
invested $20,000 of his own in the Stearman 
Airplane Company, Wichita, Kansas. Later, 
with his brother Courtland S. Gross, he 
started the Viking Flying Boat Company in 
New Haven, Connecticut. 

In 1932, when Squier invited him to 
Burbank, Robert Gross, together with his 
associates Walter T. Varney, Lloyd Stearman 
and Cyril Chappellet, raised the capital to 
purchase the assets of Burbank and then to 
found the new Lockheed Aircraft Corpora- 
tion. Gross was elected Treasurer and Chair- 
man of the Board, while Stearman became 
President. In 1934, Gross took over as 
President of the coneern. The team then 
acquired as chief technical designer Hall L. 
Hibbard, a young man 29 years old and 
brimming with ideas, who brought with him 
plans for a small twin-engined passenger 
aircraft of metal construction, the Lockheed 
10 Electra. 








Lockheed’s second lasting success was 
registered when Howard Hughes, the in- 
dustrial magnate, film patron, and multi- 
millionaire, had the extravagant notion of 
making a world tour in the Lockheed 14, 
the splendour of which was enough to 
impress the names of both Hughes and 
Lockheed on the mind of everyone with a 
spark of interest in aviation. 

The rise of the Lockheed Aircraft Cor- 
poration to the status of a large international 
concern began in the Second World War. 
First, Hall L. Hibbard and his young 
colleague, Clarence L. Johnson, militarized 
the Lockheed 14 for the Royal Air Force, 
which christened it the Hudson. Lockheed 
then manufactured 2,900 Hudsons, 2,600 
Venturas (an advanced version of the 
Lockheed 14, designated the Lockheed 18), 
9,000 Lightning P-38 single-seater fighters, 
and about 2,700 Boeing B-17 Flying Fort- 
resses, built under licence... all in all, 
Lockheed built and supplied a total of 19,200 
combat aircraft. 

The post-war Lockheed developments, 
such as the Constellations and Super Con- 
stellations, which greatly accelerated the 
growth of modern long-haul transport ; the 
P-80 Shooting Star, which marked the 
beginning of the jet age in American military 
aviation ; later, the equipment of the NATO 
forces with the multi-purpose single-seat 
F-104 Starfighter and the production of the 
Polaris seaborne deterrent ... all these are 
so familiar that it is hardly necessary even 
to put them on record, and certainly not to 
stress the significance of Robert E. Gross and 
his enterprise for world aviation. 

Today, the Lockheed Aircraft Corporation 
employs over 60,000 people, is active in the 
fields of aircraft and missile construction, 
electronics, shipbuilding, and space research, 
and has a yearly turnover in excess of 
$1,000 million. 

Now that Robert E. Gross is no more, 
world aviation has lost a pioneer and a great 
figure. anal 
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AN AID 
TO 
ACCURATE 
ALIGNMENT 


Cossor Secondary Surveillance Radar 
is a co-operative system which 
extends ATC capacity by giving 
flight information automatically. 
Aircraft participating carry a small 

transponder which responds to 

interrogations from the ground by “Js Co 
automatically transmitting a coded v) ) 
reply. Since the system does not rely 

on low energy echo pulses, 

excellent ranges are obtained at 

moderate power levels, and the radar caeall 
display is at all times entirely free 

from ground clutter and rain echoes. 

Maximum reliable range of the 
system is 200 n.m. at 30,000 feet. 
The ground element of the Cossor 
system, SSR 4G, is designed 


‘ - fe} 
in accordance with the 
recommendations of the International 
Civil Aviation Organisation and 





























































































































































































































incorporates a two-pulse system of 

side lobe suppression. SSR 4G, can 

be converted to the American 

FAA-proposed three-pulse system, 

should this prove necessary. é 


OEGONDARY RAD 


COSSOR 


RADAR AND ELECTRONICS LIMITED 






GDSSOD THE PINNACLES, ELIZABETH WAY, HARLOW, ESSEX, ENGLAND. TEL: HARLOW 26862 
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> 389,60 


Special Autumn-Winter fare 





Now is the best time to visit the United States - take advantage of the new Jet 
Excursion Fare offered by Air France between October Ist. and March 31st : Paris - New York and 
back by jet for $ 389,60 in Economy Class instead of $ 525,80, provided your trip does not exceed 17 days. 


Family Reductions : these too are applicable on all AIR FRANCE North Atlantic and Central 
Atlantic routes from October Ist. to March 31st. If you fly accompanied by your wife and/or children 
under the age of 26, you pay the normal fare - but the other members of your family are entitled to 
special reductions - amounting to a saving of $ 150o0n the round-trip fare in Economy Class. 


AIR FRANCE 


inclusive tours : low-cost inclusive tours are organized by Travel Agents in conjunction with 
AIR FRANCE, providing an opportunity of visiting the United States under the best possible conditions: 
Florida Louisiana California 





For full information, apply to any accredited Travel Agent or to your nearest AIR FRANCE office . 
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IN THE SKY 


Riddle Airlines Inc. are flying Argosies up to 13 hours daily on the U.S.A.F. Logair routes. Logair is one of the world’s largest 
scheduled cargo operations — an aerial pipeline for the quick supply of urgent military equipment. From coast to coast these 
new Armstrong Whitworth aircraft speed outsize military loads in their capacious 47 ft. long holds, over a network of routes covering 
the U.S.A. Daily schedules bridge more than 12,000 miles. 

Soon, B.E.A. will be doing the same on their all-freight routes. Argosies will open up new high-speed supply lines for outsize 
cargoes between the U.K. and Europe. 

An Argosy fleet means high speed delivery, reduced warehousing, less packaging, less handling time, less shipping cost and 
— above all — unusually large freight dimensions. 


HAWKER SIDDELEY AVIATION 


32, Duke Street, St. James's, London, S.W.1 
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Landing distance 4,820 feet 





CARAVELLE - registered trademark 
the property of SUD-AVIATION 












Sud Aviation 


37. BOULEVARD DE MONTMORENCY. PARIS 16% TEL: BAG. 84-00 
SUD-AVIATION CORP. 500 FIFTH - NEW-YORK 36 N.Y. U.S.A. 
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What will the Surveyor 





find on the moon? 


Sometime in 1963, this spacecraft will land on the moon. In it will 
be over 200 pounds of scientific instruments designed to gather, 
analyze and transmit information about the moon’s surface, sub- 
surface and atmosphere. 


The Hughes-designed Surveyor will be built to “‘soft land.” As it 
approaches the moon, after a 66-hour flight from the earth, retro- 
rockets will be fired to cushion the impact of landing. 


Then, standing on three legs, the 750-pound moon explorer will set 
to work—as scientists here on earth watch via television. High- 
quality television pictures of the lunar landscape will be taken and 
transmitted. Drills will pierce the moon’s surface and samples will 
be brought up into the spacecraft for chemical analyses. Other 
instruments in the Surveyor spacecraft will measure the geophysical 
characteristics of the lunar surface, as well as the moon’s magnetic 
and radiation fields. 
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Hughes will build seven Surveyor vehicles which are scheduled to 
be launched at Cape Canaveral during the period 1963-66. The 
work is being performed for the National Aeronautics and Space 
Administration. Technical direction is by the California Institute of 
Technology Jet Propulsion Laboratory. 


The information which Surveyor gives us will be an important step 
toward the day when man himself will stand on the moon and look 
out into the universe. 


Electronics is our business. Imaginative pioneering in advanced 
electronics by more than 5,000 Hughes engineers and scientists is 
speeding man’s progress in a host of new ways—with revolutionary 
3-dimensional radar systems, with ion engines to take man on long 
space journeys, with computers that can do years of work in hours. 
Such creative efforts have helped build Hughes into one of the 
world’s most important producers of electronic systems and products. 


Creating a new world with electronics 


= 
| HUGHES INTERNATIONAL | 
| HUSINT S.A. 


82 RUE du RHONE, GENEVA, SWITZERLAND 
Culver City, California, U.S.A. « Geneva, Switzerland « Paris, 
France « Bonn, Germany « Stockholm, Sweden « Tokyo, Japan 
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The world’s most advanced trainer 


The Northrop T-38 is the only operational supersonic twin-jet 
trainer in the world today. It provides an environment in which 
a student pilot can safely master all the techniques of high 
performance supersonic flight, including simulation of combat 
procedures. After completing a full T-38 training schedule, he 


will be qualified to check out in the most advanced single or 


multi-engine aircraft now flying. U.S. Air Force student pilots 
are now flying reg- 


ular training sched- NORTH HOP T-38 


ules in the T-38. NORTHROP CORPORATION. BEVERLY HILLS, CALIFORNIA, USA 








* Look up... 


wherever you are in the world... and witness the ever increasing significance of the helicopters’ 
role in national growth and development. Look up... and the next helicopter you see could very likely 
F be this one. A Hiller. In less than two years, modern performing Hiller 12E Series helicopters have proved | 

their capability and safety in thousands of hours of flying personnel and high priority cargo to become | 
the first choice of helicopter operators internationally. The growing list of countries purchasing 3- and ; 
4-place Hiller light utility helicopters for governmental or commercial 


Ee use include Argentina ... Australia ... Canada ... Chile ... HILLERW 


Bis sa a 








Colombia ... Ecuador ... England ... Ethiopia... Germany... xzwtTRORAET CORP 
ne ‘ . P P Pp ° > 
bas India ... Mexico ... Morocco ... Puerto Rico ... Rhodesia. Sussioiany OF twa ELECTMC AUTOLITE Company 
4 | 
: 4 For complete information on leasing or purchasing a Hiller, contact the distributor nearest you: 
A 
| Australia Germany Italy Turkey 
i re Teonapedt Vehicles Pty. Se GMBH lh gaaaae &C. Hamamcioglu Muesseseleri Ticaret 
., Sydney u TAS 
Austria Great Britain & Ireland New Zealand Istanbul 
Mr. Dominique Bertrand Helicopter Sales Limited General Aviation Limited 
Vienna London Wellington Union of South Africa, South- 
Belgium Greece anne west Africa, Bechuanaland Pro- 
a Ltd., Brussels y+ oy Kyriacopulos 2. Kamfjord & Company eer woenes, a 
urma slo ace . ‘ i 
Ameritex Development Corp. Holland, Dutch New Guinea Sibtiinn ee of Africa : 
aueen” Ltd. ——- Consew R. K. Dundes Pakistan Limited Johannesburg, South Africa 
arac : 
Ceylon The Hague, Holland Philippines United Arab Republic, Lebanon, 
i Whittal Boustead Ltd. Hong Kong, Macao, and Taiwan Theo i, Davies & Co., Far East Ltd. lraq, Kuwait and Saudi Arabia 
j Colombo Fidelity Inspection Service Manila : Allied International Company ‘ 
! République du Congo Hong Kong Gee New York 17, New York ‘ 
Intair-Congo S. C. R. L. Iceland wegen ; ; 
Léopoldville Heildverzlunin Hekla Ltd. Salen & Wicander Vietnam, Cambodia & Laos 
. Reykjavik Stockhoim Brownell, Lane International, Ltd. ' 
Finland New York 4, New York 
Oy Feckler & Co. AB India Switzerland : ’ i as 
Helsinki Cambata Industries Private Ltd. Air-Import Corporation United States, Canada, Puerto 
France, Algeria, Madagascar, 2°™bay Lucerne Rico, American Virgin Islands 
French West Africa & French Iran Thailand For direct dealer list contact 
| Equatorial Africa Mahak Company Ltd. Sangar Bhanich Company Ltd. Hiller Aircraft Corporation 
Helicop-Air, Paris Teheran Bangkok Palo Alto, California 




















for “jets” 


Kléber-Colombes offers you laminated tyres 
These tyres have a patented tread reinforced by superimposed iayers of nylon cord 


incorporated in the rubber. This lamination ensures excellent behaviour at high 
speeds. It enables thicker treads to be used and increases endurance. 


Kléeber-Colombes 


Aviation 


6, Avenue KLEBER «+ PARIS-16¢ 





SYMBOL OF QUALITY 
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TRADITION AND PROGRESS IN AIRCRAFT MANUFACTURING 








MESSERSCHMITT AG - AUGSBURG 








By their outstanding quality 





2s 


Guaranteed 
solidity 


Unequalled 
lightness 


Gerzat gas The patented 
bottles are manufacturing 
constructed of process obviates 
the same all welding and 








aluminium alloys 
as those used in 
the airframe and 
aircraft engines. 
These alloys 
undergo 
accurately 
controlled heat 
treatment giving 
them high 
strength 
characteristics. 





guarantees that 
no weak points 
occur. The 
bottles conform 
strictly to current 


are also fitted 
with a high 
tensile steel wire 
binding. 











regulations. 4 
Certain models | 








- 
- 
a 
ox 
w 
V 
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We make to specification all tubular 
parts of the most varied shapes, in 
aluminium or magnesium alloys, brass 
or steels. We can manufacture in small, 
medium, or large series. 
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INFLAMMABLE GAS 
OXYGEN 
NITROGEN, ARGON 
CO., FREON 
COMPRESSED AIR 
HYDROGEN 
etc. 









Larger 
capacity 


The light weight 
of the bottles 
enables their 
capacity to be 
increased 
without an 
increase in the 
total weight. 





GERZAT 


compressed or liquid gas 
bottles fulfil all the 
requirements of modern 
PELE 














Possible applications: 


Compressed air bottles capacity 
50 litres at 4,270 p.s.i. 

for jet engine starting. 

Oxygen bottles capacity 50 litres 
at 1,420 to 3,550 p.s.i. 

for breathing oxygen. 

Carbon dioxide bottles 

for fire extinguishers, dinghies, 
and life jackets. 


LITERATURE FREE ON REQUEST 


SOCIETE METALLURGIQUE DE GERZAT 


Head Office : 23 bis rue Balzac, Paris 8e, Tel, WAG 86-90 
Factory and Technical Service : Gerzat (Puy-de-Dome), Tel. GERZAT 32 and 33 





INFLATION EQUIPMENT 








AIR COMPRESSORS 


CYLINDERS AND SPHERES 








In air or space... rely on Kidde for 
product design, world-wide service! 


Today, nearly everything that flies uses Kidde equipment. 
Reason? For more than thirty-five years, Kidde has 
designed and supplied the aircraft industry with the finest 
in dependable aviation products. Pioneers in pneumatics, 
Kidde today offers a complete range of systems and com- 
ponents, including compressors, pressure vessels, and 
solenoid valves. In addition, Kidde has made significant 





The Walter Kidde Company Limited 
Northolt, Middlesex, England 


Walter Kidde S.A. Industria e Comercio 
Sao Paulo, Brazil 


Walter Kidde & Company, Inc. 
Belleville, New Jersey, U.S.A. 


The Walter Kidde Company 
(Australia) Pty. Limited 


contributions to the ever-growing field of missiles and space 
vehicles, with the design and construction of auxiliary 
power sources, reaction control systems, cryogenic equip- 
ment and electronic devices. In aviation system design or 
components, invite Kidde to work with you. For more 
information, write Kidde today, stating your problem. 


Kidde International Division 


Walter Kidde, G.m.b.H. 
Bleckede/Elbe, Germany 


Walter Kidde & Company of Canada Ltd. 
Montreal, Canada 


Walter Kidde de Mexico, S.A. 
Mexico City, Mexico 


Port Melbourne, Australia 


Agents in principal cities around the world 
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FIRE DETECTING 
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6, Rue Auber - PARIS-9° 2S Agence Laferrigre ALGER 
Téléph. : RIC. 63-39 Téléph. : 404 20 








FR serves the world of aviation 


In-flight refuelling 

Fucl system components 
Fuel system testing 
Hydrant testing 

Target aircraft development 
Aircraft overhaul 





HH HHH * 


From their extensive and well-equipped 
headquarters at Tarrant Rushton Airfield 
in Dorset, England, Flight Refuelling Ltd. 
operate a world-wide service to the aircraft 
industry. Among their many major inter- 
national contracts are the overhauling of 


Sea 5 jet aircraft for the Royal Belgian Air Force, 

| \ BS. the conversion of Meteors into rae age 

target aircraft for the British Ministry o 

Yen] aL i~ ( Aviation, and the supply of in-flight refuel- 


i ling equipment for the British Royal Air 

a Force and Royal Navy, as well as_ fuel 
y system components for civil and military 

aircraft of many nations. In addition, FR 


,, oY are sole European manufacturers of the 




















——) famous sound suppressors designed and 
developed by the Curtiss-Wright Corpora- 


ke 
tion of America. 
bes er \ Kh / / iy St The FR service to aviation is available to 
aircraft manufacturers and authorities in 


every part of the world. 
Flight Refuelling Ltd 


TARRANT RUSHTON AIRFIELD, BLANDFORD, DORSET. TELEPHONE: BLANDFORD 501. TELEGRAMS: REFUELLING BLANDFORD 
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Hamilton Standard components fly with West Germany’s F-104G 


Lockheed’s F-104G Starfighter, multi-mission version of the United States Air Force’s F-104 all- 
weather high altitude fighter, is the newest defense weapon of West Germany. Hamilton Standard 
pneumatic starter and afterburner fuel controls have been specified for the West German Air Force 
F-104G power system. These are the same components that have contributed importantly to the 
spectacular performance of the F-104, holder of the world’s altitude record. 0 In addition to West 
Germany, many other countries will use the versatile F-104G, including Belgium, Denmark, Norway, 


Canada, Holland, Italy and Japan. UNITED AIRCRAFT INTERNATIONAL 


East Hartford 8, Connecticut, U.S.A. 





European Headquarters: 
3/5 Warwick House Street, London S.W. 1, England 











British Ministry of Aviation 
Royal Air Force 
English Electric Co., Ltd. 


De Havilland Aircrafe Co., Led. 
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PYE INSTRUMENT LANDING SYSTEM is in regular service in 134 airports and airfields 
throughout the world, including 





GENEVA 

NAIROBI 

HONG KONG 

AGRA 

BAHRAIN 

DRESDEN 
LEOPOLDVILLE 
ELISABETHVILLE 
SHEREMETEVO, MOSCOW 
VNUKOVO, MOSCOW 
BUDAPEST 

ZAGREB 

BELGRADE 





TITOGRAD 
DUBROVNIK 
PRAGUE 
BUCHAREST 
WARSAW 
BRATISLAVA 
RCAF 
10 Civil Airports in U.K. 
100 R.A.F. Airfields 
in U.K. and Overseas 
Royal Aircraft Establishment 
De Havilland Aircraft Ltd. 
English Electric Ltd. Airfield 





The Pye Landing System 





PYE TELECOMMUNICATIONS LIMITED: CAMBRIDGE: ENGLAND 
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Outside the existing network of major air 
routes with the long runways required by 
conventional airliners, the BREGUET 941 
is in its element ; designed to operate from 
small, unprepared landing grounds, it can 
carry, at a speed of 250 m.p.h., not only 
40 comfortably seated passengers but also 
an impressive volume of freight (as much as 
5 tons on 1,000-mile stage lengths). The 
BREGUET 941 will bring air transport to 
areas hitherto inaccessible owing to the 
absence or inadequacy of landing grounds, 
thus giving airlines almost unlimited scope 

for their activities. 






BREGUET 941 @€ 
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AERO POWER 





Olympus—for 
supersonic economy 
at Mach 2 plus 


An advanced version of the Bristol Siddeley Olympus is now under 
intensive development for British Aircraft Corporation’s TSR 2. It 
will give this unique tactical support reconnaissance aircraft an 
exceptional performance at speeds up to Mach 2 and over. 














THE RIGHT QUALITIES... 


The Olympus has the ideal thermodynamic cycle for the economic 
propulsion of a supersonic aircraft at Mach 2 plus and embodies all 
the qualities essential for such an application: high power at high 
altitude; extremely low fuel consumption; great operational flexi- 
bility; a long overhaul life; a very high thrust/weight ratio; and 
excellent handling qualities. 

















PW sgamcvnte te 











SUITABILITY FOR SUPERSONIC AIRLINERS 


Already selected for the RAF’s most up to date supersonic aircraft, 
the Olympus will clearly require relatively minor changes to adapt it 
to the requirements of a supersonic airliner in the same speed 
category. 





9 ct OD tae 
Avro Vulean Mk 2 Paenier 
--» PROVED IN SERVICE 
The Olympus has proved itself in several years’ service, as the power- 
plant of the Avro Vulcan V-bomber to be one of the most successful 
turbojets ever built. Maintenance is exceptionally low—last year, for 
example, on a 26,000 mile round-the-world tour, the maintenance 
required was negligible. 

The truly astonishing built-in potential of the Olympus has been 
confirmed by the threefold increase in power from the 11,000-Ib 
thrust dry of the original production engine, to the 33,000-lb thrust 


with reheat of the latest version. BRISTOL SIDDELEY ENGINES LIMITED 






Olympus under test with reheat in operation 


TURBOJETS—TURBOFANS—TURBOPROPS—PISTON ENGINES—RAMJETS—ROCKET ENGINES—MARINE AND INDUSTRIAL GAS TURBINES 
MARINE, RAIL AND INDUSTRIAL DIESEL ENGINES—PRECISION ENGINEERING PRODUCTS. 
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The Price of Jet Transport 


Air traffic cannot live by mileage alone. This is shown by the following 
article which is dedicated to the problem of commercial aviation. If this 
article describes the present situation in its true colours, this does not in 
any way mean that Jnteravia has painted the future of the IATA companies 
black. For the sake of the future, plain speaking rather than fine words 
seems indicated. Many people are talking of a crisis, many of an excess of 
available transport space, and others again of the protectionism practised 
by some countries in the granting of operating rights. But it is unanimously 
agreed that world transport, especially long-distance transport on the North 
Atlantic route and to South America and South East Asia, is going through 
a difficult period. It remains to be seen whether the reduced tariffs re- 
peatedly demanded on many sides will lead to an increase in the number of 
passengers and help fill the deficit in the budget of even the large air com- 
panies. 

The IATA Executive Committee, which is to meet in Sydney in the 
middle of October, will discuss this thorny problem and, moreover, for the 
first time. Only the future can show what conclusions the IATA members 
will draw from the present situation in air transport and the decisions 
they will take. 

To anticipate, our readers will find in this book no concrete suggestions 
for overcoming the difficulties, but we cannot help feeling that in the struc- 
ture of air traffic, something is amiss—something for which the clash bet- 
ween private economic and government interests might well be responsible. 
It would probably be apposite to. work out a new air traffic convention in 
which all countries interested in international air traffic lay down the main 


features of an economically satisfactory traffic code. Bearing in mind the 
enormous financial risks connected with the production of supersonic 
transports during the coming decade, nothing can be done with improvi- 
sation and solutions which merely procrastinate. Supersonic transport will 
have a difficult birth. In a contribution on page 1373 we outline the many 
delicate problems which must be very speedily solved over the next few years. 

In principle, we are far from pessimistic in this field. We have no wish to 
deny that immense progress may be associated with supersonic transport. 
It is merely advisable to look three times before you leap. It may be of 
reassurance that, even in this early stage of development, official institutions 
such as IATA, ICAO, ARB, IFALPA, as well as airport authorities and air 
safety authorities, are attending to the problems of coming supersonic 
transport. At the same time, it is not to be overlooked that to give the green 
light to the supersonic transport prematurely might have unforeseeable 
consequences for the aviation industry and air transport, since the airlines 
will be occupied for some years with current problems. 

ra 


Farnborough, the air show of the British Aviation industry, has brought 
few surprises, but has reaffirmed that Great Britain intends to maintain her 
leading position in the engine sector in the years to come. Amongst the 
noteworthy items were several interesting research and trial aircraft which 
are intended to open the way for the advance into higher and higher speed 
realms and help in perfecting VTOL techniques. Whether British industry 
really profits from these investments will to a large extent depend on the 
future aviation policy of the British Government. + 





Air Transport Cannot Live 
by Mileage Alone 


‘Tae are different ways to manage an air- 
line,” ran a recent headline in the US business 
magazine, Fortune, to an article comparing 
American Airlines and United Airlines. Cyrus 
B.Smith, President of American Airlines, seems 
rather to be of the opinion that there is only one 
way out for air transport. ‘“‘Our industry is in a 
severe depression,” he said, “‘and it will take some 
real Government understanding and industry 
effort to pull us out.” The words “real under- 
standing” might well be taken to mean a re- 
latively substantial amount of financial support, 
rather than a demonstration of official sympathy. 


On both sides of the Atlantic, the glowing 
enthusiasm with which the industry and the 
carriers entered the jet epoch has given way to 
a certain disenchantment. There is no longer much 
talk of a breakthrough, the emphasis is rather on 
the laborious process of amortizing development 
costs and filling the empty seats in airliners. 


On August 7th, 1961, a member of Interavia 
flew by DC-8 from USA to Europe. In the eco- 
nomy class of his aircraft 28 seats were occupied 
and, in the first class, two. In other words, each 
economy class traveller had three seats at his 
disposal. Very comfortable for the passengers, 
no doubt, but not so happy for the airline in 
question. 


The debacle did not start suddenly in the sum- 
mer of 1961, but began to manifest itself in 1960, 
although the increase in operational performance 
seemed to be thoroughly satisfactory. In 1960, 
the number of passengers carried on regular in- 
ternational services (excluding the USSR and 
China) passed the 100-million mark for the first 
time. In fact, 108 million passengers were carried, 
which—in terms of passenger-miles —represents 
an increase of 13.4 percent. The increase in freight 
ton-miles (13.5 percent) and mail ton-miles 
(15.4 percent) were in fact higher than the average 
increase over the last few years. 

But the increase in operational performance 
could not disguise the fact that the available 
transport capacity was growing more quickly 
than the volume of traffic. According to ICAO 
figures!, transport capacity increased by 16.5 per- 
cent as compared with 1959. The load factor 
(passengers, freight, and mail in international and 
domestic traffic) accordingly dropped from 56.9 
percent in 1959 to 55.5 percent in 1960, the lowest 
level recorded in the last decade. And this at a 
time when the aircraft in service, being pre- 
dominantly new and very spacious, can least 
stand a reduction in the volume of traffic. 


1 Rapport Annuel du Conseil a l’Assemblée pour 1960; 
Doc.8140 A 14-P/1 dated April 15th, 1961. 


Despite the increase in passengers from 98 to 
108 million, the extremely expensive turbojets 
purchased by the airlines failed to bring in ready 
cash to the extent hoped for. On the contrary, the 
financial results for 1960 were somewhat disap- 
pointing. In 1959, the airlines had operating 
receipts of $4,805 million against operating ex- 
penses of $4,700 million, which amounted to a 
profit of $105 million, or 2.18 percent of turn- 
over. The best available estimates for 1960 put 
receipts at $5,500 million with expenses at 
$5,450 million, which means that profit has 
dwindled to $50 million, or less than one percent 
(0.91 percent) of turnover. 

Admittedly, air transport is not unused to 
trouble of this kind; no less than three years 
(1952, 1953, and 1957) out of the last decade 
finished in the red, and the best profit margin 
achieved during the ten years in question was 
2.6 percent of turnover (1955). But few would 
maintain that any industry can, in the long run, 
continue to exist on such a low rate of earnings. 
Results of this order must either bleed the air- 
lines to death or lead to merciless recourse to the 
taxpayer. 

The Atlantic— Once a Goldmine, Now a Problem 


The drop in load factor taken on a worldwide 
basis is regrettable enough, but if one focuses on 
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The Boeing 707-120B, the 
first turbofan-powered jetliner 
(with four Pratt & Whitney 
JT3D engines), started service 
with American Airlines a year 
ago. The 707 Hundred Series 
is being used on American 
transcontinental routes. 


Northwest Airlines has ordered 
a total of six Boeing 720Bs, 
four of which are already in 
service. This medium-haul air- 
craft, with four Pratt & Whit- 
ney JT3D-1 engines, has a 
somewhat lower all-up weight 
than the 120B version. 


The Boeing 707-430 IJntercon- 
tinental used by Lufthansa on 
their North Atlantic route has 
four Rolls-Royce Conway by- 
pass jet engines. A maximum 
of 189 economy-class passen- 
gers can be carried. 


United Air Lines is using three 
versions of the Douglas DC-8, 
namely Series 10, 20, and 50. 
The last of these (four P & W 
JT3D-3 turbofan engines) has 
the longest range of all first- 
generation jet transports. 
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the North Atlantic route alone—hitherto the 
most remunerative of all —it is becoming a serious 
problem. This despite the fact that the North 
Atlantic airlines’ passenger figures showed an 
impressive increase—from 1,540,000 in 1959 to 
1,938,000 in 1960. During the last five years. air 
traffic has moreover been incessantly cutting the 
ground from under the feet of maritime traffic. 

The following comparison for the five years 
1956-1960 is based on the Atlantic (Shipping) 
Conference and IATA statistics: 





Sea "lo Air *lo 
1956 1,008,000 54,7 835,000 45,3 
1957 1,032,000 50,3 1,023,000 49,7 


1958 959,000 42,6 1,292,000 57,4 
1959 884,000 36,4 1,540,000 63,6 
1960 866,000 30,9 1,938,000 69,1 





In other words, only about a third of 1960’s 
Atlantic passengers elected to travel by sea. It 
must not, of course, be forgotten that the in- 
crease in the share going to aviation has to a large 
extent been due to cuts in fares, and is associated 
with the drift of passengers into the tourist and, 
later, economy classes. 

The tourist class (39in. between seats), intro- 
duced in 1952 and maintained until 1960, brought 
with it a price reduction of 25 percent as com- 
pared with first class (42in, between seats) and, at 
its peak, accounted for 76.4 percent of North 
Atlantic passenger traffic. On the other hand, the 
economy class (34in. between seats), established 
in 1958 and offering travellers a 40 percent re- 
duction in fares, had by 1960 attracted no less 
than 82 percent of all North Atlantic passengers. 
At this level, some may question the justification 
for retaining a first class at all. 

Plainly, the effect of the massive switchover 
to the economy class on the profit and loss 
accounts of the 18 North Atlantic carriers is 
unfavourable. The drop in load factors in the 
first two quarters of 1961, as shown by the follow- 
ing figures, appears an even more serious matter. 


Availability and Demand — Atlantic Traffic 
January — June 1961 




















ist Quarter Available Passengers Load 
1961 seats Factor 
First class 132,439 48,626 36.7% 
Economy class 457,235 245,049 53.6% 
Total 589,674 293,675 49.8% 
Variation as against 

same quarter of 1960 +46.9% +28.8% —7% 
2nd Quarter Available Passengers Load 
1961 seats Factor 
First class 176,747 72,277 40.9% 
Economy class 818,242 428,000 52.3% 
Total 994,989 500,277 50.3% 
Variation as against 

same quarter of 1960 +47.3% +4.5% —20.6% 





The European airlines may explain this un- 
happy state of affairs by American tourists 
holding back as a result of the US Government 
exhortation to “save currency,” due to the un- 
favourable balance of trade. The Americans, for 
their part, may speak of the difficulties of 
attracting European visitors to the USA. But 
neither of these are more than a statement in 
different words of the diminution in traffic —they 
constitute no real explanation. 

The results for the third quarter of 1961 have 
still to come in. This is the industry’s high season, 
and this period may to some extent offset the 
first two quarters’ results. As reported in last 
month’s /nteravia, at the end of July, a number of 
leading Atlantic operators —amongst whom PAA, 
TWA, and Air France —were counting on book- 























ings picking up in the autumn. But this does not 
alter the fact that the airlines are unanimous 
about the existence of a serious excess of ca- 
pacity. 


USA and Europe, ... Not to Speak of Ghana 


In the USA, where the setback made itself felt 
earlier than in Europe, 1960 was already over- 
shadowed by incipient difficulties. Whilst, as 
compared with 1959, there was a 25 percent in- 
crease in the volume of European operators’ 
traffic, 21 percent in that of Latin American car- 
riers and 16-20 percent in that of carriers belong- 
ing to countries in the Far East, Middle East, and 
Oceania, the foreign and domestic traffic carried 
by US operators increased by only seven percent. 
The US-Flag share of traffic load from the USA, 
in terms of passengers carried, dropped from 
74.7 percent in 1950 to 56.7 percent in 1959 and, 
in 1960, fell again to 51.8 percent (figure partly 
based on estimates). 

As already mentioned, the margin of profit for 
regular paying airlines throughout the world fell 
to 0.91 percent of turnover, whereas the American 
scheduled airline industry had to be content with 
a margin of 0.3 percent (preliminary estimate) 
overall. Total operating revenue of $2,882,552,000 
had to meet operating expenses of $2,803,875,000. 

In making his annual report®, Stuart G. Tipton, 
President of the Air Transport Association of 
America, discussed the “‘most serious problem of 
inadequate airline earnings,” and complained 
that, whereas the average US corporation made 
five cents profit on every dollar of sales, the trunk 
airlines had to do $83 worth of business to earn 
five cents in profit. 

Indeed, several American airlines — National, 
Northeast, TWA, and Western, —incurred appre- 
ciable losses in 1960. Eastern Airlines, which used 
to be considered the model of a lucrative airline, 
showed a loss for the first time in 26 years. And 
unfortunately that is not the whole story. In the 
first half of 1961, eleven US carriers incurred 
losses totalling some $20 million, the lion’s share 
being accounted for by TWA ($11.7 million). 
And PAA’s profit on its Atlantic network 
dwindled during the first six months of 1961 by 
nearly $2 million. 

Side by side with this, expenses are increasing 
from month to month. The training of a jet pilot 
in the USA costs about $30,000 and, if he re- 
ceives his licence, his average salary will be 
$28,000 per annum. The direct operating costs 
for a DC-7C averaged some 150 cents per mile. 
For its jet successor, the DC-8, American opera- 
tors calculate variously between $1.90 and $2.40 
per mile. 

Is it, in these circumstances, strange that in the 
last few months, the hard-pressed US carriers 
have hotly contested all route licence applications 
by foreign competitors, that PAA and TWA have 
demanded a cut in the American operations of 
KLM and SAS, and that the CAB recently re- 
fused a request from Qantas Empire Airways 
for Australia-Tahiti-Honolulu-San Francisco 
rights ? 

In principle one must agree with the Dutchmen 
and Scandinavians that world air traffic cannot 
in the long run be operated with narrow-minded 
restrictions against foreign carriers. The European 
companies should nevertheless negotiate without 
bitterness, and not lose sight of the fact that the 
Americans are up to their neck in difficulties. 


= Facts and Figures about Air Transportation 1961; 
Air Transport Association of America; 22nd edition. 
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Using the Convair 880 (four 
General Electric CJ-805-3 en- 
gines) Northeast Airlines have 
shortened the flying time on | 
the San Diego-Boston route 
by 414 hours. More than 
thirty Convair 880s are cur- 
rently in service all over the 
world. 


The de Havilland Comet 4, 
which operates from tropical 
or high altitude airports with- 
out difficulty, is in service not 
only on Commonwealth routes 
but also by non-British com- 
panies — e.g., Compania 
Mexicana de Aviacion, Olym- 
pia Airways, United Arab Air- 
lines etc. Illustrated is a Comet 
4C (four Rolls-Royce Avon 
RA.29 engines) of the United 
Arab Airlines (Misrair) fleet. 


The de Havilland 121 Trident "ie 
can, be described as a second- F 
generation jet transport. Three | 
Rolls-Royce RB.163 Spey en- 
gines are mounted at the rear. 
The first of 24 Tridents on 
order left the assembly line at 
the beginning of August 1961. 
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No introduction is needed to 
the Sud-Aviation Caravelle, 
which has completely changed 
the face of short and medium- 
haul traffic throughout the 
world. It is fitted with two 
Rolls-Royce Avons. 


1363 


INTERAVIA 10/1961 














Air Transport 





Nor is the present position of the European 
airlines very rosy. The observations of Mr. van 
der Beugel, President of KLM, on the unfavor- 
able half-yearly results of his Company, apply 
broadly speaking to the whole of European air 
transport. Van der Beugel warned against exces- 
sive pessimism but described his general feeling 
as one of anxiety. ““We are,” he said, “basically 
healthy but we have caught a cold, and should see 
to it that it does not turn into a chronic illness.” 

It is SAS which, at the moment, is showing the 
most disagreeable symptoms. For the 1959/60 
financial year, this carrier suffered a loss of 
Skr. 84 million ($16.2 million) and for the current 
year is expecting a deficit of Skr.100 million 
($19.2 million); the Company thus feels compelled 
to put through drastic economy measures, in- 
cluding a reduction of over 1,000 in ground and 
administrative staff. Gilbert Périer, Sabena’s 
President, blames the Company’s recent losses in 
the first place on events in the Congo and the 
unprofitable air-bridge operations which they 
necessitated. Even at BOAC, those responsible 
for the Corporation’s finances are, according to 
BOAC Chairman Sir Matthew Slattery, in no en- 
viable position at the moment. BOAC attri- 
butes its loss in large part to the unsatisfactory 
results returned by overseas subsidiaries and 
associates. And Lord Douglas of Kirtleside, 
Chairman of BEA (BOAC’s counterpart in 
Europe), states in the August issue of his Com- 
pany’s house magazine: ‘‘BEA’s traffic this 
summer continues to be disappointing. . .. The 
current slowing down in the growth of air traffic 
is, I think, partly a reflection of the present state 
of Britain’s economy, so that the Chancellor of 
the Exchequer’s recent economy measures may 
conceivably, in the short view, aggravate the 
situation still further for BEA.” 

We have given a small selection of the crosses 
which the European airline operators have to 
bear. There are complaints on almost every side. 

American air transport is in difficulties. Its 
European opposite number has caught a cold. A 
fine time for the African “cocoa” Republic of 
Ghana (formerly the British Gold Coast) to 
plunge in with six Ilyushin [1.18 turboprops, 
two Boeing 707s, two Bristol Britannias and 
some other aircraft, and to go full steam ahead 
into the regional, continental, and even inter- 
continental air transport business. Following its 
divorce from BOAC, Ghana Airways will not 
content itself with running services to Abidjan, 
Takoradi and Lagos, but has decided to go into 
the market in a big way, offering services to Bar- 
celona, Rome, New York, and various Latin 
American cities, as well as to Tokyo and Sydney. 
Or, at least, this worldwide route-map is on its 
programme for 1961/62. True, the results to date 
are rather confusing. After launching its Africa 


The Boeing 720B—of which 
more than a hundred are on 
order—photographed during 
FAA tests at Edwards Air 
Force Base. The four Pratt & 
Whitney JT3 D-1 turbofan en- 
gines, with thrust reversers on 
both the hot and cold gas 
flows effect a fuel saving up to 
15 percent as compared with 
previous straight-jet models. 
Outstanding features are the 
large area landing flaps and 
the extended leading edge flaps. 
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service, Ghana Airways ran into such serious 
difficulties a few weeks ago, that it was forced to 
reduce the frequency on one route from one flight 
per week to one per fortnight. And the Ghanaian 
Government was obliged to dig deep into the 
coffers of the Ghana Naval Academy in order to 
help its national airline out of its immediate 
difficulties. 

It would be quite wrong to read into these 
words the slightest animosity against the air 
transport business in the newly founded African 
states. Interavia has nothing whatever against 
Air Guinée, Air Mali, Air Afrique or any of the 
other new companies, whatever name they may 
bear. And to Ghana Airways, too, Interavia 
sincerely wishes every prosperity. But the Accra 
concern will achieve it only by moderating its 
ambitions. 


Is Re-Organization Necessary ? 


All this brings us to another very serious ques- 
tion. Seeing the great responsibility which air 
transport has toward the travelling public, is 
there any justification for a state of affairs in 
which certain entrepreneurs can fly anywhere 
they like, with any machines they like, and make 
their own rules and regulations ? 

As the reader will obviously have guessed, we 
have in mind, amongst others, Overseas Avi- 
ation (Channel Islands) Ltd., which was founded 
in 1958 and which is apparently about to go into 
liquidation, or, for that matter, its holding com- 
pany, Overseas Aviation Ltd. According to a 
statement made by the Managing Director of 
both Companies, the two have no connection 
with each other. But it is indisputable that the 
concern we have called the holding company was 
the owner of several dozen aircraft which it 
leased to user concerns, including Overseas 
Aviation (Channel Islands) Ltd. The latter then 


























The United Air Lines despatch 
at San Francisco International 
Airport with five Douglas 
DC-8. 





employed them to fly a few hundred tourists from 
England on continental holidays and left them 
there. 


It is not for us to decide who is responsible for 
this regrettable affair. In any case, that is much 
less important than the fact that this case is, 
unfortunately, not such an isolated instance as 
one might suppose. Not so long ago, customers of 
a German travel agency were stranded in the 
Balearics; these holidaymakers had been flown 
over in chartered machines, but not brought 
back. The preposterous sequel to this affair is 
that, six months later, the guilty organiser was in 
a position to do the same mischief to another lot 
of travellers. 

Side by side with much that is well organised 
and well coordinated, commercial aviation in all 
continents and countries still contains quite a 
few chaotic elements. In some cases, even nation- 
alised airlines have business principles which are 
hardly defensible, not to mention the fact that 
the air transport policy of responsible countries 
can sometimes be damaging to world air trans- 
port. This is particularly the case when, for pres- 
tige reasons, they force their national airlines on 
to routes which are not strictly necessary save 
to fly their own flags, thus seriously hurting 
foreign private operators. There is no point in 
mincing our words; as regards the North Atlantic 
route, for instance, if air transport operators 
were governed by purely commercial consider- 
ations, some of the eighteen regular carriers would 
probably have to abandon the route altogether. 


Articles on the situation in air transport usually 
end up with pieces of good advice, which have, 
for a number of years, remained unchanged. 
Such advice includes reducing the cost of ground 
services by operating them on a joint basis, 
restrictions on cabin service, more pool agree- 
ments, mergers between airlines, and stricter 
principles governing the allocation of rights... 
nor should these suggestions be scorned. The 
cry for lower air fares is specially worthy of 
consideration; for it is certainly debatable 
whether “‘stately”’ tariffs and empty transports 
will earn more than “popular” tariffs and all 
seats sold. 

But without wishing to plug a particular 
patent medicine, we feel that all these sug- 
gestions require amplification before they can be 
translated into reality. A malignant disease of 
modern air traffic seems to be that it is operated 
partly by private enterprise and partly by 
governments. An argument against this is that 
the division between private and government 
initiative applies not only to air traffic, but 
dominates the entire modern economy which is 
swarming with public services and government 
concerns. That is all very well, but these conflicts 
between government and private enterprise are 
settled as domestic matters, whereas, in world 
air traffic, state and private enterprises oppose 
each other on the continental and intercontinental 
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The Total Aircraft Engaged in World Air Traffic World Commercial Airliner Fleet (mid-1961) * 
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at End 1960 and Mid-1961* ; : 
porie deli- ae Aircraft in sae” yeas in 
. vered during |vered up to'en service at 
End 1960 Mid-1961 1960 (acc. | of 1960 (acc. mid-1961 ; 
(acc. to ICAO) | (acc. to Esso) to ICAO) to ICAO) (acc. to Esso) | as at end 1960 | as at mid-1961 
Jet Aircraft 338 480 Jet Aircraft 
Turboprop aircraft 723 692 Boeing 707 series 77 148 153 14 45 
4-engine piston aircraft 2621 ? Boeing 720 22 22 36 69 71 
2-engine piston aircraft 2282 ? Boeing 727 ue Ls a 80 92 
Convair 880 and 880M 13 13 31 35 18 
Convair 990 a _ — 37 37 
level. If, for example, European railways are, Douglas DC-8 series 85 102 134 55 32 
ith fi ti tat and th De Havilland Comet 4 18 45 49 10 7 
wl very ew excep ions, state Concerns, and € Vickers VC.10 and Super VC.10 —_ _ _ 45 48 
American railways, on the contrary, private De Havilland DH.121 Trident - _ _ 24 24 
joint-stock companies, there can never be any Caravelle series 43 58 7 51 38 
friction between them, because they nowhere Total: | 258 388 480 420 412 
compete with each other. The case of private and Turboprop aircraft 
government-run air companies is entirely dif- Avro 748 _ ae a 24 24 
ferent. Those states which operate air traffic Bristol Britannia 2 59 58 - — 
through a state monopoly dispose at the same Vickers V-800 Viscount 5 130 \ 368 6 \ 40 
: “iain Net saiorae = 5 Vickers V-700 Viscount _ 259 J _ J 
time of unlimited jurisdiction within their ter- Vickers V-900 Vanguard 20 20 16 23 97 
ritories —aviation legislation, administration, bud- Lockheed L-188 Electra 40 162 147 8 10 
geting etc. —which puts them in an infinitely F.27 Friendship (Fokker/Fairchild) 17 93 103 37 26 
a i : 5 dai ir) 54 ? ? ? 
better position than private foreign competitors. Coney Coat Oe . : 
And if they cannot compete profitably with Total: 84 723 692 76 105 
private enterprise, the entrepreneur nations are Turboprop cargo aircraft 
still in a position to harm their private rivals. Canadair CL-44D - - = 17 17 
There are at the moment two trends which will Sir ene nagney Antone Wout ; : . . 
decide the immediate and long term future of air Total: | 1 1 3 | 23 24 


traffic. On the one hand, there are the production 
and employment of vertical takeoff aircraft to 
open the way for a new traffic potential on a re- 


Some Data on Direct Operating Costs 
of Aircraft Employed on American Domestic 
Services, 1958—59 


Based on ITA (Institut du Transport) figures. 





Flying Main- Amorti- Total direct 
costs tenance zation operating 
costs 





US Cents per mile flown 














DC-3 40.16 22.08 0.72 62.96 
Convair 440 43.48 28.70 22.32 95.41 
DC-6A 63.12 40.44 22.14 125.71 
DC-7C 70.33 46.16 28.88 145.38 
L-1049G 71.50 49.55 34.42 155.47 
Viscount 50.94 34.46 23.10 108.51 
Electra 61.53 40.70 39.50 141.74 
Boeing 707 108.90 43.52 30.91 183.33 





gional scale, i.e., in regions which previously 
could not be served or at least, not economically, 
by conventional takeoff aircraft. On the other 
hand, there are the production and employment 
of supersonic transports to open the way for a 
new traffic potential on a trans-continental and 
intercontinental scale. 

The realization of the first trend is predomi- 
nantly a matter for national authorities and, of 
course, for private enterprise in individual 
countries, whilst the achievement of supersonic 
traffic is impossible without very close coopera- 
tion at the international level. For arriving at 
the necessary international agreements, it is 
essential for the participating concerns and 
authorities to enjoy the full backing of their res- 
pective governments. Supersonic transport, with 
its tremendous economic burdens may be the 
precedent which will show to what extent large 
private concerns in air transport can continue to 
exist in their present form. 

It might one day emerge that world air trans- 
port can only be operated profitably if a standard 
form of organization is found for all the concerns 
engaged in it; such a form might be state owner- 
ship or private enterprise. We cannot here over- 
look the benefits which private initiative has con- 
ferred on world aviation. But if the decision is to 
retain private enterprise, new _ international 
agreements would be indispensable. Such agree- 
ments would have to be liberal enough to guar- 
antee the interests of all participating companies 
and, at the same time, tight enough to be proof 
against all efforts to circumvent them. ++ 


















































* Based on ICAO’'s Rapport Annuel du Conseil a |!'Assemblée pour 1960 (page 10), and Esso's Air World Survey, May 15th, 
1961. As certain airlines are cautious in giving information as to their orders for aircraft, the data tabulated above should be 
treated with some reserve. Comparison with /nteravia records shows, however, that the above figures are more or less correct. 
More exact information in respect of the year 1961 will be obtainable from IATA statistics for that period when published. 


Direct Operating Costs of Some Jet Aircraft Used in American Domestic Services, 1960 


(From an ITA Table) 












































Douglas DC-8 a Boeing 707 and Boeing 720 
AA AA BA TWA | UAL 
EAL | UAL | DAL | 707-193] 720 | 707 |707-320| 720 
US cents per kilometer 
Flying costs (crew, fuel and lubrication, landing 
fees, insurance) 101.6 92 91.36 | 81.76 | 90.4 97.12 | 90.24 | 88.48 
Maintenance and similar (direct and indirect) 49.12 | 66.4 50.24 | 64 26.88 | 62.56 48.16 | 45.76 
Amortization 57.92 | 42.56 | 45.44 | 26.24 | 23.2 43.68 | 46.56 | 50.08 
Leasing (aircraft, engines) — _ 0.96 _ 13.76 —- _ _ 
Direct operating costs (cents per mile) | 208.64 | 200.96 | 188.00 | 172.00 | 154.24 | 203.36 | 184.96 | 180.32 
Average daily working hours (paying flights) 5h 7h 5h 8h 7h Th Th 5h 
47 min | 34 min | 54 min | 22 min | 03 min | 04 min | 42 min | 00 min 
Average no. of aircraft employed 5.7 21.4 3.0 23.9 2.8 2.7 2.7 4.7 
Load factor — First class 68.5% | 64.5% | 62.2% | 64.9% | 68.4% | 69.9% | 57.7% | 70.4% 
Load factor — Tourist class 66.8% | 79.3% | 54.3% | 75.5% | 79.5% | 70.1% | 68.5% | 80.0% 
Average seat availability per mile 115 110 80.7 119.3 99.3 106 120.3 103.3 
Operating costs per seat-mile (cents) | 1.81 1.81 2.32 1.44 1.55 1.92 1.54 1.77 
Operating costs per flying hr ($) 1,376 | 1,360 | 1,216 | 1,040 | 1,344 | 1,376 | 1,376 | 1,136 
Average length of route (mile) 846 1,188 738 1,038 888 738 1,807 574 
Average block speed (m.p.h.) 397 408 392 428 402 401 445 369 
Fuel consumption (1.G./hr) 1,877 1,803 1,635 1,726 1,670 | 2,033 1,850 1,744 























AA = American Airlines; BA = Braniff Airways; DAL = Delta Air Lines; EAL = Eastern Air Lines; NAL = National Air- 
lines; TWA = Trans World Airlines; UAL = United Air Lines. 


The Convair 990, powered by four General Electric CJ-805-23 turbofans, is to start service early in 1962. 
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IATA goes to Australia 


Message from Sir Hudson Fysh, K.B.E., D.F.C., Chairman of QANTAS 


It is indeed a pleasure to be asked to provide this foreward to Interavia 
Review on the occasion of Qantas being host of the Annual General Meet- 
ing of the International Air Transport Association. 


Towards the end of October this year, about 400 overseas visitors will 
gather in Sydney for the Meeting—delegates and wives of delegates re- 
presenting the 92 international airlines which form IATA. 


The Meeting will commence on October 23rd, and during it I will be 
declared President of IATA for the ensuing 12 months. This is a great 
honour to Qantas and myself. We are proud, too, of the opportunity to be 
host to members of IATA, a wonderful association. 


In Qantas we are great supporters of IATA, whose orderly handling of 
international aviation affairs smoothes the passenger’s way through dozens 
of countries without his even being aware of its existence. Sufficient for a 
traveller to know that he may go into his local airline or travel agency and 
buy one ticket for travel to a hundred different points on the map. And pay 
for that ticket in his country’s currency. Behind that seemingly simple trans- 
action is the whole network of IATA, where airlines have learned over the 





Surely this contains a lesson for successful international relations. 

We are looking forward to having the IATA members and their wives 
here so that, in the short time of the conference, we can show them a cross- 
section of Australian life. Here in Australia we are living in an exciting era 
of development such as we have never known before. 


Overseas investors, looking to our great south land, are getting in on the 
ground floor, investing capital in a country whose postwar rate of expansion 
in the manufacturing field has been phenomenal. Australia is rapidly broaden- 
ing its base from primary to industrial production. 


There is, too, an ever-growing awareness of the importance of the tourist 
industry which, of course, goes hand in hand with Transport. Recent figures 
from the U.S. Passport Office alone show a 48 percent upswing in travellers 
to Australia, the Pacific Islands and the Far East. 


For a short time we will have with us one of the most significant groups 
in the world —the leaders of the air travel business. We plan to show those 
leaders what this comparatively youthful country can do in extending the 
warm hand of friendship to our neighbours all over the globe —and we hope 








years to compromise for the common good. 


Wien the Prime Minister of Australia, the Rt. 
Hon. R. G. Menzies, and the Minister of Civil 
Aviation, the Hon. Shane Paltridge, open IATA’s 
17th Annual General Meeting at the Chevron 
Hilton Hotel, Sydney, on October 23rd, it will 
be the first official visit of the world airline 
association to take place in Australia. 


The fact that delegates can go to this con- 
ference in comfort is to the credit of modern jet 
aircraft. As to timing, it is, for example, now 
possible on the Kangaroo route (operated by 
Qantas and BOAC in pool) to take off from 
London on Friday at 13:00 hrs local time in a de 
Havilland Comet 4 and, proceeding via Europe, 
the Middle East and India, to arrive in Sydney by 
6:45 hrs local time on Sunday. Or the American 
delegate can catch a Qantas Boeing 707 in New 
York on Friday at 16:00 hrs, which will land him 
in Sydney at 8:00 hrs on Sunday, flying via San 
Francisco and Honolulu. 


In short, about 300 airline delegates from about 
50 countries will find themselves in Australia in 
order to receive the annual report of their Asso- 
ciation, and to lay down in committee the broad 
outline of world air traffic’s working plan for the 
year to come. 


There have not been many changes to the list 
of IATA companies since the 1960 Annual Gene- 
ral Meeting in Copenhagen, and this time /nter- 
avia can, therefore, abstain from repeating its 
‘Pillars of World Air Transport” table. 


The number of full members has increased from 
80 to 84, while the associate members have 
decreased from 9 to 8. Newcomers to the list of 
full members are the African companies Air 
Guinée and Air Mali, and the South American 
Trans Atlantica Argentina. Moreover, Eagle Air- 
ways Ltd. (taken over in 1960 by the Cunard 
Steamship Company) has been divided into two 
member Companies, namely Cunard Eagle Air- 
ways Ltd., London, and Cunard Eagle Airways 
(Bermuda) Ltd., Hamilton. The Egyptian com- 
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they will come again. 
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List of IATA Member Companies oa a Jui 10th, 1961) 
Full Members (84) 


Aer Lingus Teoranta (Dublin) 

Aerlinte Eireann (Dublin) 

Aerolineas Argentinas (Buenos Aires) 
Aerolineas Ini y Cia (Buenos Aires) 

Aeronaves de México (México City) 

Aero O/Y “FINNAIR” (Helsinki) 

Aerovias Nacionales de Colombia “AVIANCA” 
(Bogota) 

Air Algérie (Algiers) 

Air Ceylon Limited (Colombo) 

Air France (Paris) 

Air-India International (Bombay) 

Air Guinée (Conakry) 

Air Liban (Beirut) 

Air Mali (Bamako) 

Air Vietnam (Saigon) 

Alitalia-Linee Aeree Italiane (Rome) 

American Airlines Inc. (New York) 

Austrian Airlines (Vienna) 

Aviacién y Comercio “AVIACO” (Madrid) 
Braniff International Airways (Dallas) 

British European Airways (London) 

British Overseas Airways Corporation (London) 
British United Airways Ltd. (London) 

Canadian Pacific Airlines (Vancouver) 

Central African Airways Corporation Salisbury 
(Southern Rhodesia) 

Ceskoslovenske Aerolinie (Prague) 

Civil Air Transport Co. Ltd. (Taipeh) 

Compafiia Cubana de Aviacién (Havana) 
Compagnie de Transports Aériens Intercontinen- 
taux “TAI” (Paris) 

Cunard Eagle Airways Ltd. (London) 

Cunard Eagle Airways (Bermuda) Ltd. (Hamilton) 
Cyprus Airways Limited (Nicosia) 

Delta Airlines Inc. (Atlanta) 

Deutsche Lufthansa AG (Cologne) 

Direccao de Exploracao dos Transportes Aereos 
“DTA" (Lourenco Marques) 

Direccao de Exploracgao dos Transportes Aereos 
“DTA" (Luanda) 

East African Airways Corporation (Nairobi) 
Eastern Air Lines Inc. (New York) 

El Al Israel Airlines (Tel Aviv) 

Empresa de Viacao Aerea Rio Grandense “VARIG” 
(Porto Alegre) 

Ethiopian Air Lines (Addis Ababa) 
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Flugfelag Islands H. F. (Reykjavik) 

Garuda Indonesian Airways (Djakarta) 

Guest Aerovias México SA (México City) 

IBERIA, Lineas Aéreas de Espafia (Madrid) 

Indian Airlines Corporation (New Delhi) 

Iranian Airways (Teheran) 

Iraqi Airways (Baghdad) 

Japan Air Lines Co. Ltd. (Tokyo) 

Jugoslovenski Aerotransport “JAT" (Belgrade) 

KLM Royal Dutch Airlines (The Hague) 

Linea Aérea Nacional (LAN) (Santiago, Chile) 

Malayan Airways Ltd. (Singapore) 

Middle East Airlines Co. (Beirut) 

National Airlines Inc. (Miami) 

Northwest Airlines Inc. (St. Paul) 

Olympic Airways SA (Athens) 

Pakistan International Airlines Corporation 

(Karachi) 

Panair do Brasil SA (Rio de Janeiro) 

Pan American Grace Airways Inc. (New York) 

Pan American World Airways Inc. (New York) 

Philippine Air Lines Inc. (Manila) 

Polskie Linie Lotnicze “LOT” (Warsaw) 

Qantas Empire Airways Ltd. (Sydney) 

Real Aerovias Nacional (Sao Paulo) 

Scandinavian Airlines System “SAS” (Stockholm) 

Seaboard World Airlines Inc. (New York) 

Servicos Aereos Cruzeiro do Sul SA (Rio de 
Janeiro) 

Skyways Ltd. (London) 

Société Anonyme Belge d'Exploitation de la 

Navigation Aérienne “SABENA” (Brussels) 

South African Airways (Johannesburg) 

Sudan Airways (Khartoum) 

Swissair, Schweizerische Luftverkehr AG (Zurich) 

Tasman Empire Airways Ltd. (Auckland) 

Trans Atlantica Argentina (Buenos Aires) 

Trans-Canada Air Lines (Montreal) 

Transportes Aereos Portugueses “TAP” (Lisbon) 

Trans World Airlines Inc. (New York) 

Turk Hava Yollari (Istanbul) 

Union Aéromaritime de Transport “UAT” (Paris) 

United Air Lines Inc. (Chicago) 

United Arab Airlines (Cairo) 

Venezolana Internacional de Aviacién SA 

(Caracas) 

WAAC (Nigeria) Ltd. (Lagos) 


Associated Members (8) 


Australian National Airways 
(Melbourne) 
Chicago Helicopter Airways Inc. (Chicago) 
Flying Tiger Line Inc. (Burbank) 
New York Airways Inc. (New York) 


Member of the [ATA London Clearing House 
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New Zealand National Airways Corp. (Wellington) 
Quebecair Inc. (Rimouski) 

Suidwes Lugdiens (Eiendoms) Beperk (Windhoek, 
South West Africa) 

Trans-Australia Airlines (Melbourne) 


** Clears via ATA Clearing House, New York 




















pany Misrair has changed into United Arab Air- 
lines, and now carries both the Egyptian and 
Syrian flags, and Venezolana Internacional de 
Aviacion has replaced Linea Aeropostal Vene- 
zolana. Hawaiian Airlines (Honolulu) has with- 
drawn from associate membership. 

There are no further changes to report, but we 
have reproduced the official list of IATA mem- 
bers, to which our readers may like to refer. 

What will, in fact, take place in Sydney? The 
usual proceedings. The President of IATA 1960/61 
will hand over office to the 1961/62 President, Sir 
Hudson Fysh of Qantas. The Director General, 


Sir William P. Hildred, will review the air traffic 
events of the past year and outline the course of 
its probable development. After that, the com- 
mittee reports will be made in private session. 
One of the 17 members of the Executive Committee 
is now Louis Lesieux, General Manager of Air 
France, who has taken the place of the late Chair- 
man of Air France, Max Hyman. Among the 
chairmen of committees will be: C. N. Oursler, of 
American Airlines (Finance); H. Marking of 
BEA (Legal); R. V. Carleton of Braniff (Tech- 
nical); V. A. L. Dubourecq of KLM (Traffic). 
On October 27th, after the committee reports 
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have been presented, will come the final session, 
when there will be voting on the various motions, 
confirmation of the venue of the 1962 conference 
(Dublin), designation of the 1962/63 President 
(J. F. Dempsey, Aer Lingus), and selection of the 
place for the 1963 conference (Vienna). 

It goes without saying that the stormy dis- 
cussions in committee will be followed by merry- 
making. On the evening of October 23rd, the 
Australian Government is giving a reception for 
the IATA delegates, and social plans for October 
25th comprise an Australian Bush Picnic and 
a tour of Sydney Harbour. 


Australia’s Overseas Airline 


W aereas today most of Australia is a settled 
country, and even many of its more remote 
townships enjoy a high standard of living (due, 
incidentally, in no small measure to the benefits 
brought by aviation), this was certainly not true 
of the Queensland outback in the period after 
World War I, which was then a country of 
pioneers and not without a certain flavour of the 
“Wild West.” This is the environment in which 
Qantas was born. 


QANTAS — Queensland and Northern Territory 
Aerial Services Limited—was incorporated on 
November 16th, 1920, as the result of the initiative 
of three men-—ex-Flying Corps Lieutenants 
Hudson Fysh (now Sir Hudson, and Chairman 
of Qantas) and P. J. McGuiness, who were the 
Company’s two pilots, and Fergus McMaster, 
who managed to raise the starting capital of just 
over £6,000 from various interested, if rather 
sceptical, business friends and became the first 
Chairman. Although financial backers were hard 
to find, the Company could at any rate count 
on several ready-made assets in N.W. Queensland 

the climate spelt a flying day for almost 365 
days a year, the vast open plains represented a 
natural landing ground, and existing communi- 


This year’s setting for IATA’s 
Annual General Meeting — 
view of Sydney Harbour from 
the Chevron Hilton Hotel. 





cations into some of the best pastoral country 
in Australia were totally inadequate. 


In 1921, the Qantas fleet numbered two tiny 
biplanes of the World War I type —a B.E.2e fitted 
with an RAF air-cooled engine and an Avro 
with a 100 h.p. water-cooled Sunbeam engine, 
both capable of some 60 m.p.h. In fact, over 3,000 
miles were flown in 1921 and 1922 without mishap, 
perhaps not without some adventures, and cer- 
tainly not without financial difficulties. As the 
records show, the revenue from the 871 joy rides 
and 79 taxi trips undertaken in the outback during 
this period was insufficient to meet expenses. 


The founders did not, however, lose sight of 
their original ambition to develop aviation in a 
big way, and McMaster mobilized more funds 
from the shareholders, as well as various forms 
of local support. Most important, he achieved 
the triumph of a Government subsidy for the 
Company’s first regular airmail-passenger service 
over the 577 miles between the townships of 
Charleville and Cloncurry —a two day trip, as the 
inland heat necessitated a stopover at Longreach, 
where the Company then had its headquarters. 
The very first passenger on this service recalled 
that, 53 years earlier, the same trip by bullock 







dray had taken him eight months. In the first year 
of regular operations, still with an enlarged fleet 
of wartime type biplanes (each accommodating 
One passenger), the new airline clocked up 200 
passengers. 


From then on, Qantas grew apace, though not, 
of course, without the occasional setback. Three 
de Havillands (a 4 and two 9c’s) were put into 
service in 1923, and a DH.50 introduced in 1924. 
Two years later, Qantas built the first aircraft to 
be produced in Australia under licence from 
overseas —also a DH.50. In 1928, the Company 
was retained by a missionary organisation to 
carry the first flying doctor—this developed into 
a vital service for those who lived in the remote 
part of the outback, and Qantas continued to 
provide the planes and pilots until 1949, when 
it handed over its extensive operations in this field 
to Trans Australia Airlines. By 1930, Qantas had 
become a “‘big”’ airline, with a million miles to 
its credit and headquarters in Queensland’s 
capital, Brisbane. 


The well-known close association between 
Qantas and BOAC dates back to cooperation 
with BOAC’s forerunner, Imperial Airways, in the 
early thirties. The two combined their interests by 
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forming Qantas Empire Airways in 1934 and 
when, at the end of the year, the first regular 
Australia-England service (the “Kangaroo” 
route) started, QEA was responsible for the Bris- 
bane/Darwin leg. In 1935, using four-engined 
DH.86s (10 passengers), the Australian company 
extended its slice of this route as far as Singapore. 
Three years later, the DH.86s were replaced by 
flying boats, with new standards of comfort 
(including sleeping accommodation) for 14 
passengers. 

After World War II, for the duration of which 
development plans naturally came to a standstill, 
Qantas embarked on an all-out policy of con- 
solidation and expansion, which was to lead, for 
instance, to route mileage being more than 
doubled in the decade 1949/1959. 

The first major step was to reopen the Kangaroo 
route in 1946 and to place an order with Lock- 
heed for four Constellations. Today, the route 
has been developed into a large complex with 12 
passenger and two mail-freight services (BOAC 
and Qantas) a week in each direction, linking 21 
points in Australia, S.E. Asia, India, the Middle 
East, and Europe. On this route, Qantas is now 
using Boeing 707s, Super Constellations (for 
freight) and one Comet 4 (under charter). Since 
the end of 1959, the twenty-fifth anniversary of 
the opening of the Kangaroo route, it has been 
the subject of a tripartite agreement between 
BOAC, Qantas, and Air India (the latter at 
present running on the Bombay-—London section 
only) operating in pool and sharing the revenue 
in agreed proportions. 

In the early post-war period, Qantas changed 
hands, the Federal Government purchasing first 
of all the BOAC and then the private share- 
holding. By 1947, Qantas Empire Airways 
Limited had become the property of the Common- 
wealth of Australia and, meanwhile, received the 
official accolade of “‘Australia’s Overseas Airline.” 
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Eloquent buildings. The cattle auctioneer’s premises at 
Longreach, which served as Qantas’ booking office in the 
very early days — and present headquarters at Qantas 
House, Sydney. (The wooden building was erected in the 
street as part of the 40th Anniversary celebration.) 


The Company however retained its style and, it 
seems, a good deal of vigorous independence in 
its day-to-day affairs. Development continued... 

In 1952 came the opening of the “Wallaby” 
route, providing a fortnightly, now weekly, link 
between Sydney and Johannesburg, by Super 
Constellation. In 1954, Qantas took over the 
trans-Pacific route to North America, hitherto 
operated by British Commonwealth Pacific Air- 
lines. 

The way thus paved, Qantas in 1958 extended 
its trans-Pacific service through to London, thus 


Pictured here is half the origi- 
nal Qantas fleet. The B.E.2e 
surplus World War I aircraft, 
equipped with a 90 h.p. RAF 
engine, carried the pilot plus 
one passenger. It was capable 
of some 60 m.p.h. The other 
aircraft was an Avro. 


The Australian flag carrier’s 
fleet now includes five Boeing 
707-138Bs. The 138B differs 
from the 138 (shown here) in 
having P& W JT3D-1 turbofans 
instead of P&W JT3C-6 turbo- 
jets — a gain of 16,000 Ib 
thrust (4,000 Ib per engine). 
Qantas was the first non - 
American airline to put Boeing 
jets into service and its original 
707-138s are being re-engined 
in the same way — they will 
then be redesignated 707-138B 
(one already completed). 


establishing a global circuit in both directions 
and becoming the first airline to operate a round- 
the-world jet service via the USA (calling at San 
Francisco and New York). 

Amongst other regular services operated by 
the Airline from Australia are Hong-Kong and 
Japan (now the carrier’s most productive route 
load factor 61.5 percent), Papua and New Guinea, 
and the internal services by DC-3 in New Guinea. 

During the great post-war expansion of air 
travel, freight and mails, Qantas has undoubtedly 
spread its wings, and the following statistics 
speak for themselves: 





1959 1949 
Total Revenue £A 29,257,563 £A 6,633,440 
Net Profit £A 853,963 £A 213,185 
Route Mileage 73,463 33,465 
Capacity Ton Miles 147,576,942 37,418,385 
Passengers Carried 201,051 57,382 
Ton Miles Flown (Cargo) 18,888,769 5,538,647 
Ton Miles Flown (Mail) 8,514,934 4,799,153 
Number of Employees (average) 6,420 3,825 





Figures available for 1960 show an overall load 
factor of 65.1% as against 56.2% for 1959. The 
increase in passenger miles flown (661,891,800 as 
against 564,460,528) was matched by substantial 
increases in freight and mail. 

The Qantas fleet (excluding aircraft on lease or 
charter) now has an active strength of 41, com- 
prising six Boeing 707-138s, five 707-138Bs (in- 
cluding one converted 707-138), 11 Super Con- 
stellations, eight Douglas DC-3s, four Lockheed 
Electras, three Skymaster DC-4s, and four DH 
C3 Otters. 

Early last year, Qantas placed an order with 
Boeing for three 707s equipped with P&W JT3D-1 
engine (designation 707-138B), coupled with the 
decision to re-engine the seven Boeings already 
in its fleet by converting the existing JT3C-6 
engine into JT3D-1 turbofans. Some of the 
modification work is being carried out by Ameri- 
can Airline under contract and some by Qantas 
itself; the first converted machine is now in ser- 
vice. This involved expenditure of over $40 
million, financed in part by a $25.5 million credit 
from the Export-Import Bank and by one of 
$4.5 million from Boeing. Another 707-138 B was 
ordered, making four in all, and the last of 
these has just been delivered. 

Subsidiary Qantas interests include a joint 64.3 
percent holding with BOAC in Malayan Airways 
Ltd.; outright ownership (since 1958) of Fiji Air- 
ways, an inter-island network based on Suva; a 
substantial holding in the Wentworth Hotel, 
Sydney; and recently announced plans for the 
building of a new 400-room hotel in Sydney at 
a cost of £A 4.5 million. 

Seeing the long distances of some of the 
Australian airline’s routes and the fact that major 
stretches lie over water, it is hardly surprising 
to find Qantas carefully appraising the super- 
sonic aircraft in relation to its future needs. Mr. 
C.O.Turner, the Airline’s Chief Executive, 
entertained the distinct possibility that aircraft 
of this type would come into service some time 
after 1970, thus cutting the Sydney/London 
timing to 10 hours which, translated into local 
times, would enable “‘breakfast in Sydney, lunch 
in London.” 

Australia’s flag-carrier is undoubtedly a 
flourishing concern, with over forty years of 
service to its credit. It is fitting that Sir Hudson 
Fysh, who pioneered it, is to welcome the IATA 
delegates to the first Annual General Meeting 
to be held “down under.” + 















; - ULTRA-STABLE 
RADAR AND MICROWAVE 
SURVEILLANCE SYSTEMS TEST eaten ~ sw 









= 










DATA STORAGE & © AIRBORNE oor 
_DISPLAY SYSTEMS NAVIGATION 





LFE International's 
sales and service 

; organization 
. as etek eae makes these 
pain aa to world-wide 
INTERNATIONAL markets. Write 
LFE International 
or cable SPAR. 





SPEED METERS 









ULIC an 


pee Hen power, 
anda 


_ PRESSURIZATI DI 
COOLING. 


me 


INTERAVIA 10/1961 1369 








*sUITITY JsOUIDIO,J Ss, odoing St WA_ JY) JOpuruslsl SUIDUTAUOD B SI Gp IOUIOD oY} “*Y"d"ur OOS I3A0 
JO poods Sulsinio & YIM pue sout3ud jal UoAY s0A0Y-STJOY ¥ Aq poJoMog ‘s[qQIssod poulvsIp IOAD seAA 
UB} JOsO]D sUONeUTISOp UloIseq o]ppryy pue uesdoing sZursq ‘adoing Joy Jal 31q ay “gp JOUIOD sy], 


ANITYIV LSOWAYOW S.AdOUNS 





-STJOY Inoj Aq 
BNSUBA MOU OUT, 


GUVNINWA VI 
















RE-ENTRY. T.P. 1961 





AVIATION SERVICE AND REPAIR DIVISION 


This abstract impression illustrates the very real quick turn round 
given by our aviation instrument repair service. 

Workshop and Stores facilities are available to meet any airline 
requirement, be it over-the-counter exchange, long-term contract 


or spares provisioning. 


ELLIOTT BROTHERS (LONDON) LIMITED, AVIATION SERVICE AND REPAIR DIVISION, AIRPORT WORKS, ROCHESTER, KENT 


A Member of the ELLIOTT-AUTOMATION Group 
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Supersonic Transport 





The Supersonic 


Airliner 


Problems 
Plans 
Prospects 


‘iio are today few who doubt that one day 
there will be supersonic commercial aircraft. In 
the unanimous views of American, British and 
French aircraft designers, there are, technically 
speaking, no seemingly insuperable obstacles in 
the way of actually producing an aircraft capable 
of travel at several times the speed of sound. As 
to the economic prospects for such aircraft, both 
airframe and engine manufacturers are opti- 
mistic in their appraisals. In any case, the cal- 
culations — based on uncertain and to some extent 
arbitrary assumptions—yield operational costs 
which are often considerably below those of 
today’s jets. In this connection, it goes without 
saying that hypothetical aircraft saddled with 
unfavourable characteristics would hardly en- 
counter much interest. Today, all potential 
customers are unanimous about certain re- 
quirements, namely: — 

e A supersonic transport aircraft must not fall 
short of today’s standards in respect of reliability 
(structural strength; flight characteristics; re- 
liability of engines, controls, undercarriages, and 
hydraulic, electric, and electronic equipment). 
e@ It must be able to operate profitably on the 
basis of the tariffs expected to govern travel in 
subsonic aircraft at the date when supersonic 
aircraft will probably become operational. In 
other words, no increase in fares can be enter- 
tained. 

e@ It must be able to operate from 10,000-ft run- 
ways, and be capable of integration with other 
air traffic. 

@ The guaranteed life of the airframe should not 
be less than 30,000 hours. 

@ Irrespective of the short flying times, the pas- 
senger must be offered the same standard of com- 
fort as he is accustomed to in slower aircraft. 
@ Even when all these requirements have been 
met, the purchase of supersonic aircraft would 
be entertained only provided no serious limi- 
tations on their operation is involved. Should, for 


Fig. 1: Graph for the determination of economic flight speeds. Curve A gives the 
aircraft’s aerodynamic efficiency (best lift/drag ratio which are deemed obtainable), 
and curve B illustrates overall thermal efficiency for the optimum engine at each 


Boeing has already invested 
over five million dollars in 
preliminary studies for a super- 
sonic transport to attain a 
speed 214-3 times that of 
sound. Shown here are two 
recent designs. 


example, noise considerations rule out super- 
sonic flight over populous areas —even if only at 
night —this would be a threat to the possibility of 
operating these aircraft. 

Paradoxically enough, the only considerations 
which could seriously threaten the development of 
supersonic aircraft are, for all practical purposes, 
beyond the control of the constructors; we refer 
to the effect on the population in overflown 
areas of noise caused by the sonic boom, and to 
the danger of cosmic radiation for crew and 
passengers. These factors are dealt with later on 
in this article. 


Mach 2.3 or 3? 


Taken as it stands, this question already anti- 
cipates part of the answer. If the construction 
problems—materials, fuels, air-cooling in the 
cabin, etc.,—and the operational aspects are 
entirely disregarded for a moment and consider- 


Aerodynamic efficiency (lift/drag) 


Mach no. By multiplication of these two values one obtains flight efficiency, which 0 1 
is proportional to the known range factor (curve C). 1 — turbojet; 2 — ducted fan; 
3 — reheated turbojet; 4 — ramjet (according to A. E. Russell, BAC). 





ation is given only to “theoretical efficiency,” 
it is found that a substantially higher Mach 
number would have to be chosen. Fig./ shows 
the maximum thermal efficiency of the engines in 
relation to the flight Mach number (curve 4A), 
and also the lift/drag ratio (curve B), as calculated 
in the present state of aerodynamic knowledge. 
By multiplication of corresponding values, a 
value is derived which is directly proportional to 
the known range factor, i.e. at a given landing- 
weight/takeoff weight, to the range (curve C). 
The maximum for this range factor is in the neigh- 
bourhood of Mach 7, i.e., in a speed range which, 
for the present, is purely hypothetical. Never- 
theless, the course of curve C shows that the 
highest possible Mach number should be selected as 
long as no limit is set by other conditions. A limit 
of this kind is known to result from the loss of 
strength and stiffness in materials as temperature 
increases. From Fig.2 emerge the equilibrium 


Overall thermal efficiency’/o 


2 3 4 


Mach number 
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temperatures at two typical wing-surface po- 
sitions. In the present state of the art, light-metal 
alloys may be used as construction materials for 
speeds up to Mach 2.3, and titanium and steel up 
to Mach 3. While there is little prospect of con- 
siderably increasing the thermal strength of light 
metal alloys, several aircraft constructors are 
counting on an extension of the admissible speed 
ranges, with the use of titanium and steel up to 
Mach 3.5 to 4. 


It is too early to judge which of the two Mach 
number ranges will finally have preference. Those 
in favour of Mach 2.3—predominantly British 
and French aircraft constructors —offer the fol- 
lowing points for consideration: 


1 —- Since proven materials and methods of con- 
struction can be employed, the development 





Mach number 


Fig. 2: Variation of structure temperatures with 
speed. Curve 4 relates to stagnation points (leading edge, 
fuselage tip) and Curve B to points 100 ft back (according 
to A. E. Russell). 


costs of a Mach 2.3 aircraft can be kept consider- 
ably lower. 

2 — As regards flight behaviour at twice the speed 
of sound, the experience obtained from various 
military designs is already available. 

3 — Since the surface temperatures are lower than 
the fuel ignition temperature, the development of 
new fuels or, as the case may be, the special in- 
sulation of fuel-tanks, is unnecessary. 

4 — Mach 2.3 aircraft could be used economically 
on both long- and short-haul routes, which en- 
hances their sales prospects. 

5 — The small time-saving with Mach 3, as op- 
posed to Mach 2.3, aircraft does not warrant the 
higher cost and risk involved in the development 
of the former. 

6— The fact that Mach 2.3 aircraft can do less 
work in terms of traffic than Mach 3 aircraft 
means that, for a given volume of traffic, 25 per- 
cent more machines are required. The increase in 
numbers would reduce sales price. 

7-—A Mach 2.3 transport could be ready for ser- 
vice as early as 1967, three years before a Mach 3 
aircraft. 

On the other hand, the case of the American 
manufacturers, who are without exception in 
favour of the Mach 3 aircraft, is just as strong: — 
1 — The additional expenditure involved on the 
steel construction is put far too high; there is in 
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fact less practical knowledge available con- 
cerning the behaviour of light metals under 
supersonic flight conditions, especially as _re- 
gards fatigue resistance than concerning heavy 
metal at Mach 3; 

2 — Steel construction offers prospects of a further 
speed increase; 

3-—Thanks to the greater range factor (see 
Fig.1), longer range nonstop services would be 
possible than with Mach 2.3 aircraft —assuming 
the same takeoff weight and payload for both. 
4-—The higher performance in terms of traffic 
would result in lower operating costs. 

5 — There is the risk of a Mach 2.3 aeroplane be- 
coming obsolete ‘overnight’ should Mach 3 air- 
craft be developed, whereas there is considerable 
less development risk involved with the latter, 
even if they could not be put into service prior to 
1970 or so. 

6 — The premature production of a Mach 2.3 air- 
craft would moreover be illusory, since the neces- 
sary flight safety aids will presumably not be 
available until 1970. 

The American companies incline without ex- 
ception towards greater speeds for several reasons. 
It is rumoured that the Soviets are energetically 
at work on the development of a supersonic 
transport. In an address given on August Ist, 
1961, to the Scientific and Astronautics Com- 
mittee, FAA Director N.E.Halaby, with re- 
ference to Soviet Aviation Day, left his audience 
in no doubt that it was in the interest of the 
American nation to make the utmost efforts in 
the civil aviation sector. His reminder that ‘‘our 
aim is the construction of the first economically 
practicable supersonic transport’? contains the 
silent admission that the Soviet Union might get 
there first. The US Administration is therefore in 
favour of the highest possible cruising speed in 
order, if nothing else, to prevent the American 
model from being surpassed in flying perform- 
ance by anything developed by foreign rivals. 

The airlines are also in part calling the same 
tune. In early April 1961, a paper prepared by a 
group of Pan American World Airways design 
engineers and read to the Society of Automotive 
Engineers, included the observation that “It is 
far better, both from the operator’s and manu- 
facturer’s standpoint; to be committed to a design 
capable of Mach 3 operation, even though in- 
itially operated at lower speeds for some reason 
such as insufficient thrust, than to be committed 
to an airframe that can never be operated at 
speeds above about Mach 2.2.” 

It is noteworthy that even Convair, whose 
B.58 Hustler supersonic bomber could be adapted 
as the prototype of a Mach 2.3 transport, has 
come out unequivocally in favour of three times 
the speed of sound. A few months ago, Convair 
published a study in which no fewer than 36 
plans were investigated from the economic 
point of view—the 36 possible combinations for 
4 Mach numbers (2.0; 2.5; 3.0; 3.5;) with 3 
ranges (1,700, 2,900, 4,000 miles) and with 3 pay- 
loads (70, 100, 130 passengers). The minimum 
operating costs were obtained for Mach 3, 
3,400 n.m., and 130 seats. At the same time, Con- 
vair suggests using the Hustler as a research air- 








craft and simulating transport missions with 
modified B-58s. Convair also considers that, by 
1967, twelve B-58-9s, derived from the bomber, 
could fly approximately 10,000 hours in the 
Mach 1.5—2.4 speed range. The first aircraft 
could be available at the end of 1963. 


The B-58-9 would differ considerably from the 
Hustler, in having a new leading edge, a longer 
fuselage to carry about 50 passengers, a con- 
ventional horizontal tail unit, and four Pratt 
& Whitney J58 turbojet engines, each of 33,000 lb 
thrust. Convair stresses that this programme 
would be suitable for clearing up fundamental 
questions —behaviour of materials, fuels, lubri- 
cants, and hydraulic fluids during non-stop 
supersonic flights; demands on the crew; pas- 
senger reactions; air traffic control procedures; 
turbulence at high altitudes; and supersonic 
boom. This would also give the FAA the oppor- 
tunity for preparation of the airworthiness re- 
quirements and certification procedures for 
supersonic transports well ahead. FAA Chief 
Halaby rejects a temporary solution of this kind, 
arguing that it would be uneconomical —the 
B-58-9 would have to be heavily subsidized 
(Convair estimates the costs of the suggested pro- 
gramme at about $240 million). In a recently 
published 8-year plan, he recommends that a 
Mach 3 aircraft should be developed, allowing 
FAA, NASA and USAF to settle certain basic 
problems, by 1963, and then participate by 
technical and financial aid. The construction of 
the first aeroplane should start in January 1964, 
and three years later flight tests could start, to 
be concluded in 1970 with type certification. 
Halaby further emphasizes that the supersonic 
transport can take advantage of the much dis- 
cussed North American B-70 Mach 3 bomber. 
The B-70 prototype is scheduled to takeoff on its 
first flight as early as December 1962. 


It seems, therefore, that in the USA the die is 
definitely cast in favour of Mach 3, a decision 
which should certainly influence the European 
aviation industry’s plans; American competition 
in a Mach 2+ design field would seem no longer 
to be feared. The British Aircraft Corporation 
has for some time been making studies for a 
Mach 2.2 aircraft for the carriage of 120 pas- 
sengers over transatlantic distances. The Hawker 
Siddeley Group is also working on similar pro- 
jects, but has so far released no details. The 
British Government would, of course, never 
permit both concerns to undertake parallel 
developments. With a greater experience of 
supersonic aircraft than Hawker Siddeley, BAC 
was granted a credit of £350,000 by the Ministry 
of Aviation to submit detailed designs for a 
long-haul supersonic transport by the end of 
1961, and to discuss the possibility of joint ven- 
tures with foreign constructors. Whether these 
negotiations will prove successful remains to be 
seen. Should the British, contrary to expectation, 
succeed in interesting an American concern, this 
would clearly be a first step towards cooperation 
between two industries, hitherto strong rivals. 
Before this could happen, it would however be 
necessary for certain American producers to 
agree to the development of a Mach 2+ aircraft 






IE EAE ae A 














Av 


er ww 


ree eee 


— 





against the recommendation of their Govern- 
ment. 

Conversations are also going on with the 
French, but these are overshadowed by British 
unilateral economic policy, which has all along 
been directed towards export and—except for 
certain very recent exceptions—has not resulted 
in orders for French aviation matériel. France 
is countering British plans with projects for a 
70 —80 seat Mach 2.2 aircraft suitable for medium 
ranges, and Sud-Aviation and Générale Aéro- 


nautique Marcel Dassault are working on these 


lines. 

French engineers would seem to be guided by 
the idea that Mach 3 services on long routes 
have their natural complement in medium-haul 
traffic with Mach 2+ aircraft. Sud-Aviation 


argues that even the Caravelle was designed at a 





time when the only future foreseen for jets was 
long-haul transport. 


It would be unfortunate, and perhaps ominous 
for all parties, if no agreement were reached and 
each was to go his own way. It is nevertheless 
improbable that the European producers will 
completely abandon independent supersonic 
development, thus leaving the Americans unop- 
posed in this field. 





Aerodynamic Considerations 


Although in every project office there are cer- 
tain ideas about optimum configuration, it cannot 
yet be predicted how the supersonic aircraft of 
the future will look. The aerodynamicists are 
confronted with the difficulty of finding the best 
compromise between several conflicting demands. 
An economic cruise flight at high supersonic 
speed requires thin wings and a slim fuselage. In 
the higher supersonic range (about Mach 2 
upwards), the influence of aspect ratio on the 
drag component vanishes, so that there is no 
advantage in of low aspect ratio wings. Since, on 
the one hand, wave drag is proportional to the 
square of lift coefficient —and moreover, indepen- 
dent of wing geometry —and, on the other hand, 
increases with the square of the relative thickness, 
small angles of attack and, thus, low wing load- 


Since 1956, the Convair Divi- 
sion of General Dynamics Cor- 
poration has tested hundreds 
of configurations as to their 
suitability for a supersonic 
transport. Here is one inter- 
esting answer for the fuselage 
nose. 


Model of a Douglas Mach 3 transport project for 
transporting 100-130 passengers over incontinental 
distances. Note the highly swept double delta 
wing, with wing tips which can be drooped. 


Lockheed, too, has been work- 
ing for years on the clarifica- 
tion of basic design questions 
and has carried out extensive 
wind tunnel tests. Our picture 
shows only one of the many 
designs. This 90-seat aircraft 
would fly at altitudes between 
60,000 and 80,000 ft at 3 to 
3.5 times the speed of sound. 
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ings are desirable. In flight at high subsonic 
speed, the latter entail high drag, but for takeoff 
and landing low wing loadings are favourable. 
If takeoff and landing speeds and, accordingly, 
runway lengths are to be kept within tolerable 
limits, the wing must also possess a high maxi- 
mum lift coefficient, although this is difficult to 
reconcile with the minimum possible drag. For 
Mach 3 aircraft, the principal possibilities are 
trapezoidal and delta wings of medium sweep, 
whilst for Mach 2+ the highly swept delta wing 
is unanimously preferred—its thickness should, 
in addition, provide storage capacity for the entire 
fuel requirement. 


Tests on wings of variable sweep have been 
conducted for years by NASA, as well as by a 
team under Dr.Wallis in Great Britain. At low 
speeds (takeoff, climb, holding, approach, land- 
ing) the wing would be fully spread —aspect ratio 
between 8 and 12—whereas the aircraft would 
operate in cruise flight with its wings swept back, 
thus minimising drag. Tempting as this solution 
may be in theory, the designers are very sceptical 
and point to the technical difficulties, not to 
speak of the stability problems which arise when 
the wing profile is being changed. 


Various US designs provide for wing geometry 
to be variable, in the sense that the wing tips can 
be drooped for increasing stability. The con- 
structors and research institutes concur in think- 
ing that more thorough wind tunnel tests are 
necessary to clarify the effect on flight charac- 
teristics and flight performance of the main 
design parameters, namely basic wing plan, pro- 
file, wing root design, engine layout, tail con- 
figuration etc. 





As far as can be seen at the moment, a canard 
design with very thin delta or trapezoidal wings 
has the greatest chance of being the one actually 
used (see our pictures). On account of the small 
volume of the wing, part of the fuel would pro- 
bably have to be carried in the fuselage, a pro- 
spect which the airlines view with mixed feelings. 

Lockheed has subjected three elevator arrange- 
ments to wind tunnel tests on a model with a 
trapezoidal wing of low aspect ratio. These 
showed that an elevator displacement necessary 
for correcting an alteration in centre of gravity of 
5 percent (in relation to mean aerodynamic 
chord) increased drag as follows: 

— with elevator on trailing edge: 20 percent 

— with elevator on stern of fuselage: 8—13 per- 
cent 

— with elevator on nose of fuselage: 1.6 percent! 
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As regards the size of aircraft most favourable 
from the economic viewpoint, constructors’ 
opinions diverge widely. Since the dimensions 
depend essentially on range and seating ca- 
pacity, it is the potential buyers who should have 
the last word. As regards wave drag, it would be 
desirable to keep the fuselage slim —fuselage dia- 
meter not more than one tenth of length —allow- 
ing in some cases only five seats per row. The 
operators would have preferred rows of six, 
giving better utilization of space and more play 
for rearrangement of seating. The airlines, 
doubtless for the sake of the satisfaction of future 
passengers, agree that supersonic comfort should 
be at least equal to that found in today’s economy 
class. In view of man’s increasing average body 
measurements, Pan American deem it advisable 
to widen the seats from the customary 17.5 to 
18 in. If 2 in are allowed for arm rests and 18 in 
for the centre gangway, the interior width of 
cabin corresponding to 5 seats per row is 10 ft 
4 in, and to 6 seats per row 12 ft; the latter figure 
would inevitably conflict with aerodynamic re- 
quirements. 


New Constructional Methods 


It is self-evident that the builders of Mach 3 
aircraft in America are faced with a more difficult 
task than their European counterparts, who are 
concerned with Mach 2.3 aircraft. Even an airliner 
to fly at twice the speed of sound should set the 
engineers enough problems to keep them busy 
for years ahead. At Mach 2.3, the surface temper- 
ature of the aircraft rises to nearly 150°C, and, 
at this temperature level, there is insufficient 
experience even with traditional construction 
materials. Since the theory of fatigue resistance is 
in its infancy, only extensive series of tests on com- 


ponents and sub-assemblies, under dynamic and 
thermal conditions corresponding to reality, can 
create the basis which the designer needs for 
evaluating construction materials. At the points 
of flow stagnation (fuselage nose, wing and tail 
assembly leading edge, air intake lips, boundary 
layer slits) temperature is about 180°C (see 
Fig.2), which means that titanium or steel must 
be used. 


Besides the stressed elements, various non- 
metallic components are causing the designers 
headaches; amongst these are windows, radar 
housings, gaskets, tyres etc. To protect wind- 
screens against excessive heat, whilst at the 
same time reducing air drag, the BAC project 
incorporates a visor which covers the forward 
windscreen panes during cruise flight, and rounds 
off the nose. Forward visibility could be assured 
optically or electronically (fibre optics or tele- 
vision). Although, at 1,250 m.p.h. or 1,900 m.p.h., 
there can be no question of visual flight, pilots 
roundly reject such “artificial” devices, preferring 
to rely on their own eyesight when, for example, 
looking out over the flight path ahead for cumulo- 
nimbus clouds. ; 


Some American constructors want to be still 
more radical in their treatment of the passengers 
and design the fuselage without any windows 
at all, which would kill two birds with one stone. 
Firstly, the problem of materials for the windows 
disappears. Secondly, window cut-outs give rise 
to relatively complex problems in connection 
with load compensation, which constructors 
prefer to avoid, the more so as there are simul- 
taneous heat and internal pressure stresses (at 
5,000-ft equivalent cabin altitude and at a cruise 
altitude of 80,000 ft, the difference in pressure 
amounts to over 12 p.s.i.). In order to avoid the 

















feeling of being completely shut in, the passengers 
are to be offered television screening of the area 
being overflown. Even if the advantages from the 
structural point of view are indisputable, the 
airlines will not hear of a windowless cabin. In 
the words of a Pan Am Engineer: ““When we ride 
supersonic transport, we want to see what this 
planet of ours looks like from 75,000 feet. If 
we have to see by television, we can do that in 
the living room. Further, if one supersonic trans- 
port without windows is placed in operation, and 
another comes along with windows, the first will 
become obsolete overnight.” 


Both pilots and airlines seem to be in agreement 
with the suggestion made by several aircraft 
manufacturers of pivoting the nose of the fuselage 
downwards during touchdown, as supersonic 
aircraft will land with a high angle of attack. 


Opinions differ a little about the optimum 
construction of a Mach 3 aircraft. Whereas many 
constructors wish to use chiefly sandwich con- 
struction, as will be the case with the B-70 (see 
Interavia 6/1961, page 822 et seq.), others are 
more inclined to the classic shell construction. 
Sandwich sheets are lighter and more rigid than 
shell construction, but at the same time more 
expensive; in some cases, according to NASA 
calculation, the cost is eight-fold. Moreover it 
remains to be established to what extent sandwich 
constructions can be tested in operation for 
tearing or other damage. Against this disadvan- 
tage, on the other hand, is the high fatigue 
resistance of sandwiches. It is now for the skill 
of the constructor the combine these methods of 
construction to advantage. Wherever it is a 
question of economising space and of stability 
of the skins, sandwich constructions should in 
any case be preferred. 
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Figs. 3 and 4: 


Diagram of two air pressurization systems, which are Garrett Corporation’s possible answers for a supersonic transport. Left: A bootstrap air-cycle system in which highly com- 
pressed air (engine bleed air, pre-compressed ram air, stored air) first flows through a heat exchanger (1), is then again compressed (2) and, following its passage through a second 
heat exchanger (3) and a vapourizer (4), it is decompressed in a turbine before being ducted into the cabin. The exhaust air flows into the atmosphere. Fuel and water serve as heat 
sinks. Right: a system with exhaust air regeneration. Only as much fresh air from this container (1) as is necessary for the comfort of passengers is admixed. Exhaust air is cooled 
in the heat exchanger (2), passes through a purifier (3) and, if necessary, after heating (4) reaches the cabin (5). The heat passes through an ethylene-glycol cycle (6) on its way to 
the vapourizer (7) and through the freon cycle (8) into the condenser (9) where it is delivered to the fuel. 
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Powerplants 


Since the following articles deal with the pro- 
duct of three distinguished engine manufacturers 
it is not intended here to do more than touch on 
some basic questions. Although discussion about 
the “optimum powerplant”’ is still in full swing, 
it is clear that the airframe builder must take 
account, to a considerably greater extent than 
hitherto, of so-called internal aerodynamics. And 
since the engines must work economically not 
only in cruise flight at high Mach numbers but 
also at moderate supersonic speeds, and particu- 
larly in the subsonic range, variable intake and 
nozzle geometry is indispensable. This requires 
very careful harmonization of airframe and en- 
gines, especially when the latter are grouped. 
The airlines would prefer engines individually 
suspended in nacelles, as this makes for easier 
maintenance and would reduce the danger of a 
“chain reaction” in the case of engine damage. 

The supersonic transport projects of which 
there is so far knowledge feature four or six 
engines, generally ducted fans, with air stream 
reheat at takeoff and on piercing the sonic 
barrier. Engines of this kind are under develop- 
ment by American, British, and French producers 
and, provided adequate financial support is forth- 
coming, could be made promptly available. 

For high supersonic speeds (Mach 3 upwards), 
combinations of pure jet and ramjet engines, 
as featured in the Bristol Siddeley and Nord 
Aviation projects, are very promising. Nord 
Aviation’s concept of a ducted turbofan as the 
core of a ramjet engine, the secondary airstream 
combining with ramjet air prior to reheat, has 
aroused considerable interest on the part of the 
USAF, and this has resulted in a development 
contract for the French Company. It is not pos- 
sible here to go into the numerous advantages of 
this design which, being still at an early stage of 
development, has probably come too late for 
the first generation of supersonic transports. 


Fuels 


At Mach 2.3 no critical problems exist, but at 
three times sonic speed skin temperature is above 
that at which fuels ignite, making it imperative 
to take reliable and effective measures to prevent 
the seepage of vapour. Even by means of insu- 
lation, which is barely justifiable from the weight 
point of view, it is probably impossible to pre- 
vent part of the fuel reaching such a high tempera- 
ture by the end of the cruise phase that it decom- 
poses. The unused fuel would then of course, no 
longer be usable and would have to be aban- 
doned—a very expensive procedure. By the use 
of certain additives this could perhaps be over- 
come, but in any case 5 to 10 percent extra fuel 
costs would be involved. Should this solution 
fail and it become necessary to use heat-resisting 
fuels, costs under this heading might rise by 
25 percent. According to a Douglas calculation, 
it is to be expected that, in the case of a Mach 3 
aircraft, fuel costs will account for 60 to 70 per- 
cent of direct operating costs. It is, accordingly, 
understandable that the carriers follow the dis- 
cussion between airframe constructors and the 
oil companies with some concern. 


Flight altitude in ft. 
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Sud-Aviation excited attention a this year’s Paris Air 
Show with a model (shown here) of a supersonic transport 
for carrying 70-80 passengers at 60,000 ft cruising altitude 
for medium distances. Sud-Aviation and Générale Aéro- 
nautique Marcel Dassault are jointly working on this 
project. 


Air Conditioning System 
Basically, the task of cabin pressurization in 

supersonic airliners is the same as in conven- 

tional aircraft. Nevertheless, three complicating 
factors arise in the case of the former. These 
are: — 

1—The aircraft operate at altitudes where air 
pressure is lower than blood pressure; 

2 — Their cruise altitude corresponds to the ozone 
layer of the atmosphere; 

3 — The aircraft’s outer skin is heated by air 
friction. 

This gives rise to three requirements, which do 
not apply in the case of subsonic aircraft: 

1—A drop in cabin pressure below 7.8 p.s.i. 
(equivalent cabin altitude 20,000 ft) must 
without fail be avoided, even in the event 
of leakage in the cabin; 

2 — Harmful ozone must be filtered off; 

3—The constant supply of heat must be com- 
pensated by cooling. 

5,000 ft is considered normal equivalent cabin 
altitude for supersonic transports; this is the 
level which experience has shown can be with- 
stood by the ailing. At a cruise flight altitude of 


Fig. 5: In order to avoid exposure of the population to 
excessive noise, the flight profile for a Mach 2 transport 
would have to be on these lines. In the medium-grey zone, 
sound pressure would already be higher than people can 
be expected to bear (over 1 |b/sq.ft) and in the dark grey 
zone it would cause damage (over 3 |b/sq.ft). The broken 
curve shows the Mach number at which 20,000 ft equi- 
valent cabin pressure could, in emergency, be maintained 
with the aid of ram air. 
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70,000 ft, this corresponds to a pressure of 11.6 
p.s.i., about 40 percent more than in current jet 
liners. Although airframe designers will take care 
to rule out the possibility of the cabin’s becoming 
leaky, in view of the danger of explosion, meas- 
ures must be taken to provide for such an 
emergency. 

At high flight speed there is the possibility of 
emergency supply by means of ram air, which 
must, of course, be cooled. The Garrett Cor- 
poration engineers have investigated the case of 
a 50 sq.in. hole (breakage of a small window) 
suddenly arising, and have calculated that, at 
70,000 ft, air must be supplied at the rate of 
465 lb/min, in order to maintain an equivalent 
cabin altitude of 20,000 ft. In a steep dive, the 
aircraft would need some six minutes to reach 
the height of 20,000 ft, which would save the 
situation, this being the height at which oxygen 
supply through breathing masks will support 
life even without pressurization. Fig.5 shows the 
Mach number required for a safe emergency 
supply, as a function of flight altitude. During 
descent, about 150 lb of water would have to be 
vapourized in order to cool the ram air to cabin 
temperature. 

Cooling remains the cardinal problem in super- 
sonic flight. Through aerodynamic heating, 
ohmic resistance (galley defrosting equipment, 
lamps) and body warmth, the cabin of a Mach 3 
aircraft carrying 120 passengers will have a cooling 
requirement 300,000 BTU per hour. An efficient 
cooling system is, therefore, indispensable. There 
is a basic choice of two, namely a bootstrap air- 
cycle system or a vapour-cycle system with the re- 
circulation of cabin air. Stocking of liquid air 
would be ruled out by weight considerations, so 
that the only logical choice for heat sink is the 
engine fuel. The two examples of a pressurization 
system with integrated air conditioning based on 
proposals made by the Garrett Corporation are 
given at Figs. 3 and 4. 


Supersonic Noise — the Great Unknown 


The degree of unanimity amongst participants 
in the April 1961 IATA Symposium as regards 
the evaluation of the noise problem can be attri- 
buted neither to chance nor to a readiness to 
compromise seldom encountered in the aviation 
business. Neither the constructors nor the air- 
lines can be interested in the production of a 
supersonic transport, if they must then face 
serious operational limitations on its use. The 
accountants of those airlines who operate long- 
haul jets, provide their buying departments with 
exact calculations, down to the last dollar, of 
the costs attributable to silencers in the thrust 
nozzles, namely higher fuel consumption, higher 
engine prices, and lower payload capacity, and, 
in the case of supersonic transports, a lot more 
besides. The prospect that many Governments, 
who have no interest in bringing their countries 
into the supersonic network, will simply forbid 
supersonic flight over their territories for noise 
reasons, is an effective bogey even for the most 
enterprising airlines. 

There are two sets of questions which still 
await elucidation. What is the sound pressure at 
ground level? And to what sound pressure may 


INTERAVIA 10/1961 1377 














Supersonic Transport 





the population be subjected to? As shown by 
thorough investigations carried out by NASA, 
the very complex pressure wave system in the 
immediate neighbourhood of the aircraft is, 
some distance away, reduced to two compression 
waves—a nose wave and a tail wave—which 
diverge slightly and are received by a ground 
observer as a double bang. Since compression 
wave intensity varies on the one hand with the 
slimness of the aircraft, and, on the other, with 
the angle of incidence, it is difficult to apply data 
obtained from small aircraft operating at re- 
latively low heights to transports flying at high 
altitudes. It is nonetheless clear that sound pres- 
sure increases slightly as Mach number increases 
and as length increases, but decreases appre- 
ciably as flight altitude increases. Research flight 
with B-58s under the joint NASA/FAA/USAF 
programme will undoubtedly yield further ex- 
perience, as will the French trials with the 


Mirage IV. A final verdict will not however be 
available until flight testing of the B-70. Accord- 
ing to ICAO calculations, sound pressure of 
1 lb/sq.ft is generally deemed to be asking a great 
deal. Many constructors base their calculations 
on a pressure of 1.5 1Ib/sq.ft., which already 
causes physical pain and which, according to 
ICAO, could be produced by an aircraft flying 
horizontally at an altitude of 60,000 ft at three 
times sonic speed. And a sound pressure of 2 
lb/sq.ft. is already sufficient to break large window 
panes. It seems advisable to put noise pressure 
low enough to leave a reserve to cover variations 
in weather, diversions from prescribed flight 
altitude, and the like. 

At the IATA Symposium, there was also talk 
of “educating” the population. It was said that 
people living in the vicinity of a military airfield 
had at first vehemently protested against the 
continuous subjection to noise, and then, after 


appropriate ‘enlightenment,’ appreciated the 
necessity of the flights in question and ceased 
their complaints. In the course of an article 
entitled “Should Supersonic Airliners be Per- 
mitted,”’ which appeared a few months ago in the 
British journal “New Scientist,” the author Bo 
Lundberg, Director of the Swedish Aviation 
Research Institute, stated that, in order to gauge 
the magnitude of the noise problem, one should 
visualize a 400,000 lb airliner which, with per- 
haps 100 passengers aboard, is following its 
flight path 70,000 ft above the earth’s surface at 
twice or three times the speed of sound. This 
aircraft draws along with it a carpet of sound, 
which makes windows rattle, if not actually 
break, and startles the population over a 75-mile 
wide strip of land out of its sleep. Lundberg 
went on to pose the question as to whether it 
can possibly be justifiable to wake millions of 
peaceful citizens from their sleep so that a few 
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Technical Data 


Control Surfaces 


Weights 





Powerplant Conard om08 ........ 410 sq.ft. Total structure. .... 122,800 Ib 
6 ducted fan engines Sweep (25% chord). . . 38° Total power plant 50,800 Ib 
Thrust with secondary air- Rs Foss Ge ae ee 0° Total equipment... . 30,400 Ib 
stream reheat 31,000 Ib perengine Flaps ......... 54 sq.ft. Manufacturing weight 
Thrust without secondary Vertical fins (two) Area. 2x255sq.ft. (empty) ........ 204,000 |b") 
air-stream reheat 25,300 lb perengine Sweep (25% chord)... 45° Max. takeoff grossweight 439,000 Ib 

‘ ‘ , Max. landing weight 300,000 Ib 
Main Dimensions Fuselage Max. zero fuel weight. . 260,000 Ib 
Se ks 8 8d 8 104 ft Max. width (overall) 12 ft. 4 in. Max. usable fuel . . . . 217,000 Ib?) 
| IPRS ae ae 198 ft Max height (overall) 9 ft. 2in. 
Top of finfrom ground. 31 ft Cabin length (incl. sub- Performance 
Wi sidiary compartments) . 89 ft8in Cruise speed equivalent 

ing ee. ee 11 ft Eee ae re ach 3 
| ee ee 7,000 sq.ft. Cabin height. ..... 7 ft at average altitude of . . 68,000 ft. 
Max. wing loading .. . 61\b/sq.ft. Gangway width (ist Critical field length. . . 6,200 ft.*) 
Mean aerodynamic chord 75 ft ae 23 in 7,900 ft.*) 
1.81 Gangway width Landing runway required 7,950 ft.°) 
Leading edge sweep . ._ 65.67° (Economy Class). ... 15in. 8,600 ft.°) 
EE oso. a: a eve 0° Cargo compartment 

BE heirs, a wy ae 490 sq.ft. ie are 1,000 cu.ft. 


') For the 108 economy class and 16 
first class seat version. For variations 
in cabin class 27 lb per economy 
class and 32 lb per first class seat 
must be allowed. 


2) 32,400 US Gal. at 6.7 Ib per gal. 

8) According to SR 422B; max. takeoff 
gross weight; sea level; 100°F. 

‘) As 3, but 3,000 ft above sea level. 


5) According to SR 422B; 40 percent 
reverse thrust on three engines 
during ground roll; maximum landing 
weight; sea level. 

*) As 5, but 3,000 ft above sea level. 


Cabin layout for 16 first class plus 108 economy class seats. 1 — passenger doors; 2 — doors for ground staff; 3 — buffet; 
4 — clothes hanging space; 5 — washroom; 6 — supply compartment; 7 — cockpit; 8 — seats for stewardesses. 


As an example of the various projects for a Mach 3 
transport prepared by American constructors, we 
have selected here that of North American, con- 
cerning which some details were recently announced. 
As North American stresses, this is only a paper 
study, which is subject to continuous alteration. The 
first efforts of the NAA engineers are being directed 
towards reducing takeoff weight by light construction 
methods and aerodynamic improvements, in order to 
cut down fuel consumption and reduce operating 
costs. Later modifications should also enable econo- 
mic employment of the aircraft on shorter routes at 
low supersonic, ot even subsonic, speeds. Despite 
their provisional nature, the data available concern- 
ing NAA’s preliminary design are of interest and are 
suitable as a basis for operational investigations and 
commercial calculations. 

As is to be expected, this design is inspired (it is not 
alone in this) by the B-70 Valkyrie Mach 3 bomber, 
but is fully tuned to civil requirements. The calculated 
operating costs are comparable to those of today’s 
long-haul jets for 3,500 mile block distances. The run- 
ways normally available at international airports are 
adequate for takeoff and landing. And, thanks to the 
“quiet” but high thrust turbofans, climb performance 
is good, and there will be little reason for those living 
in the vicinity of airports to complain of excessive 
noise. If sound pressure at ground level is not to 
exceed 1.46 Ib/sq. ft, the aircraft must not pierce the 
sound barrier below 34,000 ft. 


Features of Design 


North American selects the following features of its 
design as important: 


1. Trimmable canard control surfaces. 


Fuselage section. Left, economy class seating and, right, 
first class. 
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travellers can gain a few hours flying time.... 
A black picture, to be sure, and one to be taken 
very seriously, considering that the writer is a 
man who has devoted his life to the progress of 
aviation. 


Operational Aspects 


If one excepts the field of air traffic control, to 
which a separate article in this issue is devoted, 
neither airframe constructors nor airlines see 
serious difficulties in integrating supersonic air- 
craft into daily flight operations. 


Many airport administrations are afraid that, 
in the near future, a situation might arise similar 
to that of a few years ago, when Boeing and 
Douglas brought out concrete plans for long- 
haul jet aircraft. When their probable takeoff/ 
landing distances became known, the Airport 
Operators Council appealed to all USA airport 


Boeing’s supersonic transport 
project is coded 733. In the 
absence of an exact theory of 
supersonic flow about complex 
bodies, only wind tunnel tests 
can yield the answer to opti- 
mum configuration. 











2. Spoilers and air brakes. 

3. Downward folding wing tips for economic cruise 
flight. 

4. Braised stainless steel honeycomb sandwich and 
riveted titanium sheet construction. 

5. Six duct-burning turbofan engines with thrust 
reversers. 

6. Multi-shock induction system —one to each three 
engines. 

7. Main undercarriage legs each with 8-wheel bogie, 
tyre pressure 160 p.s.i. 

8. 4,000 p.s.i. hydraulic system with brazed fittings. 

9. Fully 
system. 


powered automatic hydraulic control 

10. Closed-cycle air-conditioning system for the 
cabin, with ram air pressurization for emergency 
use. 

11. 115/200 volt, 400 cycle, 3 phase AC electrical 
system. 

12. System checkout during flight. 

13. Crew vision angles in accordance with current 
US regulations (CAR 4b). 

14. Self-contained hoists for facilitating loading and 
unloading of 224 in 110 in x 76 in freight 
compartment (usable cargo space 1,000 cu. ft). 


Flight profile 


The assumptions used in the calculation of times, 
speeds and fuel consumption are as follows: climb at 
subsonic speed to about 43,000 ft; transonic accelera- 
tion in climb to supersonic speed; attainment of 
Mach 3 at minimum cruise altitude; continuous 
climb at Mach3; average cruise altitude about 
70,000 ft; deceleration to subsonic speed at an altitude 
of at least 43,000 ft; approach flight and landing; plus 
six minutes manoeuvre allowance. 

For a block distance of 3,400 n.m. to be accom- 
plished with maximum payload, resultant block time, 
(which includes 15 minutes taxiing time), is 2 hrs 
45 mins, block speed 1,240 knots, and block fuel 
consumption (during flight plus 5,009 Ib in taxiing) 
176,000 Ib. 

If the aircraft is forced to deviate to an alternative 
airport, the amount of fuel used at most favourable 
cruise altitude, at an all-up weight of 300,000 lb and 
under ISA conditions, is about 1,050 Ib per min. If 
holding at the airport of destination becomes neces- 
sary, the fuel requirement at most favourable Mach 
no. in holding flight, with an all-up weight of 250,000 
lb and at an altitude of 25,000 ft is about 400 Ib per 
minute, and at sea level some 490 Ib. + 


Payload in 1,000 Ib. 


total operating costs in $ per n. m. 


Typical Operational Weight Calculation 

This example is based on a block distance of 3,400 n.m., 
e.g. New York/Zurich, with max. payload. Cabin layout: 
16 first class and 108 tourist class passengers. 














Ib 

Manufacturing weight empty .......... 204,000 
Crew (8 persons plus baggage). ........ 1,580 
es I Ns Sk Ss a a 4 a SSL 1,400 
ON ee Oe ee ey eee er 2,000 
SS Ao ee eee ae ee 285 
Liquid nitrogen fuel system. ........4.4-. 400 
Flight supplies, emergency equipment etc... . . 1,945 
Operating weight empty (rounded values) . . . . 212,000 
Payload (Passengers, baggage, freight) ..... 31,000 
Operating zero fuel weight .........4.-. 243,000 
Reserve fuel (for 300 n.m. diversion at cruise 
altitude plus 30 mins. hold at sea-level). .... 25,000 
Operating landing weight. .........46-. 268,000 
Pe WE 6) co eck eoie 4 0 Be a ta en eae 171,000 
Maximum all-up weight... ......+5685 439,000 
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4000 5000 


Payload vs. range diagram for a mixed class (16/108) 
layout; fuel reserve 25,000 Ib. A — strength limited pay- 
load; B — space-limited payload. 


Overall operating costs per seat-mile (n.m.) based on 
3,000 flying hours per year. Depreciation: airframe 85 
percent over ten years; engines 85 percent over seven 
years; electronic equipment 100 percent over five years. 
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managements to refuse to undertake any leng- 
thening of runways. This step was intended to 
exert pressure on the aircraft industry and compel 
it to adapt its designs to existing runway lengths. 
The sequel is well known. Juan T.Trippe, Pre- 
sident of Pan American, ordered 45 Boeing 707s 
and DC-8s, thus sparking off not only a buying 
spree among the airlines but, at the same time, 
competition between the airports. The airport 
operating companies were confronted with the 
alternatives of extending their airports at great 
expense or of standing out of long-haul jet 
traffic. To inhibit a recurrence of any such de- 
velopment, airport operators draw attention to 
the fact that, financial considerations apart, it is 
physically impossible for them to lengthen run- 
ways a second time. 

As far as can be seen from projects so far 
known, supersonic transports should manage on 
10,000-ft runways, such as are currently available 
at all major airports. It is not possible to achieve 
the same maximum lift coefficients with the thin 
low aspect ratio supersonic wings as with the 
latest jets, equipped with lift devices according to 
all the rules of the art. This is however, more or 
less compensated for by low wing loadings of 
60-72 lb/sq.ft. In any case, airport managements 
have issued strong warnings against using the 
barely justifiable runway lengths as the basis for 
designs, since experience has shown that design 
figures do not stand up to operational (takeoff 
with tailwinds, poor runway condition). This 
could result in the certification authorities, as on 
a previous occasion, insisting on more rigorous 
airworthiness requirements. In the case of many 
jets, this led to an increase of up to 20 percent in 
stipulated runway length. Pan American, without 
doubt one of the airlines most interested in the 
supersonic transport, specify a runway length not 
exceeding 10,065 ft at maximum takeoff weight 
and at 90°F external temperature. 

Nor have the constructors any worries in 
respect of the runway load carrying capacity. 
The higher takeoff weight of supersonic trans- 
ports—possibly as much as 400,000 lb—can be 
compensated by designing undercarriages to 
distribute the load over more wheels, in such a 
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way that the equivalent individual wheel load 
does not exceed 45 tonsa level for which the 
traffic-bearing surfaces of most modern airports 
aire built. And wherever it is really a matter of 
total aircraft weight (e.g. tunnels under runways), 
the designers have farsightedly built in a reserve 
of strength. 

The airports can of course, hardly avoid some 
relatively small further investment. There will for 
instance, be no way out of widening taxiways at 
bends, since the long supersonic transport 
fuselages—designs go up to 240 ft—result in a 
large wheel base. According to the normal 
“‘nosewheel on the centre line’? method, the 
inner main undercarriage would when taxiing 
be on the grass. For similar reasons, it would 
probably be necessary to instal special parking 
places for supersonic airliners. The question of 
engine noise is gone into later on. Since they 
climb more steeply, supersonic transports will 
hardly be louder to those living in the vicinity 
of airports than are our jet aircraft of today. 
Airline Pilots are Not Spacemen 

There is no need to stress that supersonic air- 
craft make heavy demands on pilots. These begin 
in taxiing on the ground. To manoeuvre a 
180-ton, 230 ft long, 115 ft wide monster, whose 
nose wheel is some yards behind the cockpit, 
over a crowded apron certainly needs a deft 


300 000 F 





touch, guide lines and marshalling lights not- 
withstanding. 


In the air, strict adherence to the flight plan is 
indispensable, if only for air traffic control con- 
siderations. At high Mach numbers, minimal 
deviations from course lead the aircraft con- 
siderably off its flight path. The fact that the 
engines require a number of additional control 
devices, (such as variable intake geometry, 
variable nozzles, secondary air stream reheat) 
does not lighten the pilot’s job. Automatic devices 
will, of course, normally be in operation, and 
greatly relieve the strain on the pilot. Never- 
theless, the pilot must always be ready to control 
his aircraft manually. Certain combined moments 
also cause anxiety, so that automatic yaw and 
roll damping devices must be allowed for. The 
design must naturally be such as not to allow 
the aircraft to get into dangerous flight attitudes 


1380 INTERAVIA 10/1961 





In November 1960, on the 
occasion of its 40th anniver- 
sary, Qantas showed this 
model of a Mach 3 airliner for 
90 passengers in many Austra- 
lian cities. Since the design 
provides for only a few win- 
dows, the intention is to dis- 
play to the passengers on TV 
the area being overflown. The 
airframe is of stainless steel. 
Special feature: swivelling 
seats, which remain upright 
in steep climb. Other details: 
length 200 ft; cabin width 119 
in; cruise altitude 70,000 to 
80,000 ft. 


in the event of the failure of this equipment. The 
different designs provide for takeoff speeds bet- 
ween 170 and 190 knots, and landing speeds 
between 130 and 145 knots, which should not 
raise any problem in piloting. The airlines for their 
part demand better tyres capable of withstanding 
the stresses present at these high taxiing speeds. 
In 1960, a leading American airline was obliged 
to change one tyre per 12 landings, over and 
above the normal programme. 


Fig. 6: Some forecasts of the 
development of world air 
transport. Retain and com- 
pare ten years hence. 


1970 


In short, the supersonic transport pilot will 
hardly be able to complain of being under- 
employed. The airlines insist, and rightly so, that 
good flight characteristics should be built into 
the aircraft and not into the pilot. In the view of 
Pan American, the commercial carrier cannot 
afford to train a staff of super-pilots for its 
supersonic fleet, as NASA did for its Mercury 
flights. 


Will the Bulk of the Supersonic Journey be on 
the Ground? 


If supersonic transports were in existence 
today, the timetable of a business traveller bound 
from New York to London would, perhaps, 
look something like this (based on local times in 
London): 

15.00 Leave hotel by taxi to town terminal. 


15.15 Leave town terminal by bus. 
17.00 Arrive at Idlewild Airport. 





18.00 
20.10 
20.40 
21.40 
21.55 


Mach 3 aircraft takes off from Idlewild. 
Arrival at London Airport. 

Bus leaves for town terminal. 

Arrival at town terminal. 

Arrival at hotel. 


Of the total of barely 7 hours spent on this 
journey, our passenger would spend nearly 
5 hours on the ground and only 2 hours 10 mi- 
nutes in the air. Certainly, the gain in time by 
supersonic transport would amount to over 
4 hours, and this would not be wanting in 
attraction for the travelling public. On the other 
hand, it would seem, action to correct the crying 
discrepancy between time in the air and time on 
the ground is surely called for. A certain wastage 
of time in air movements is, admittedly, inevi- 
table; nevertheless, a look at the above timetable 
shows that the town-airport-town link is sadly 
in need of improvement. Motorways and single 
track railways (suggested at the IATA Sympo- 
sium) and cheap helicopter and other VTOL 
feeder services lead one to expect progress in 
this field. 

The aircraft designer’s task is to find effective 
ways of minimising turn-round times, such as 


Fig. 7: Block speed of some typical transports, vs. route 
length. The broken lines show cruise speed (according to 
information from Douglas). 
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unit containers for baggage and cargo; aircraft’s Influence of Time on Ground on the Productivity of Commercial Airliners (According to Pan American) 
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limits on productivity. Table ] presents a detailed 
analysis of the results, giving the comparative 
figures for operational hours and number of 
round-trips per day for five different aircraft on 
the London/New York route. Should it be 
necessary for some reason, e.g. noise, to restrict 
takeoff movements to the hours from 08.00—22.00, 
utilization of fast subsonic, Mach 2, and Mach 3 
aircraft would be cut by half (cases 1 and 3). In 
case 5, the productivity of Mach 2, Mach 3, 
and Mach oo aircraft are identical. The higher 
cruising speed would in this special case have no 
commercial sense. The Mach 3 aircraft can 
derive a 50 percent advantage from a reduction of 
turn-round times to one hour (case 6), but the 
Mach 2 and Boeing 707/DC-8 show no gains 
at all. The DC-7C gains in productivity in a 
rather curious fashion (cf. cases 5 and 6). Case 7 
and the last two columns (Mach oe) are theoret- 
ical values. 


Development costs 


Only the future can show the cost involved in 
developing a Mach 3 aircraft through to 
the operational stage. American constructors’ 
estimates lie between 500 and 1,000 million 
dollars. Boeing reckons 100 million dollars for 
building and flight testing one prototype alone, 
and an investment of about 700-800 million to 
reach the first series aircraft, i.e. about three 
times as much as for the Boeing 707. 

The FAA estimates total development costs of 
a 180-ton aircraft (100 to 150 passengers) at 
“only” 500 million dollars, whilst one constructor 
puts it at 1,000 million. Be this as it may, the 
12 million dollars for development aid, for which 
the President asked Congress for the current fiscal 
year, is no more than a drop in the bucket. 


High Development Costs Require Large Series 


The proportion of development costs included 
in the sales price and thus in operating costs 
naturally depends on the size of the series. And 
this is, in turn, determined by the expected 
volume of traffic and the transport capacity of 
the aircraft. In order to obtain a picture of pos- 
sible demand, aircraft constructors have carried 
out comprehensive market surveys which, whilst 
real masterpieces of modern economic research, 
are the nonetheless based on the unstable basis 
of traffic prediction (Fig.6). ICAO, too, has 
published various forecasts. On the assumptions 
that the 1959 volume of world air traffic will 
double by 1967 and thereafter increase steadily 
by 5 percent per year and, further, that traffic on 
1,800-mile routes will account for 55 percent of 
international traffic volume, the following (theo- 
retical) maximum demand for supersonic trans- 
ports is obtained: 





') Time spent by aircraft on the ground between arrival and ensuing takeoff. *) Idlewild. *) London. *) Average operational 
time per day in hours. °) Number of round trips possible per day. 





1967 1970 1973 





Mach 2 aircraft (100 seats) 188 238 303 
Mach 3 aircraft (100 seats) 125 159 202 





These figures assume that all services on dis- 
tances exceeding 1,800 miles would be performed 
by supersonic aircraft. 

The number of Mach 3 (100-seat) aircraft pos- 
sibly required on main trunk routes in 1967 is 
shown in Table 2. 

In reality, demand is much smaller, since 
supersonic aircraft will, in the first few years at 
least, only gradually come into service and will 
not displace subsonic traffic but complement it. 
If one could calculate on series of, say, 200 air- 
craft, the development costs of $800 million 
(estimated) would amount to $4 million per air- 
craft. If two competitive types of about equal 
merit come on the market, each aircraft would 
have to bear $8 million over and above the cost of 
construction, which might well prove prohibitive. 

A factor which might also affect the size of 
the series to be laid down, and accordingly the 
unit price, is range. If Mach 3 aircraft are to 
find a market, they must be capable of covering 
at least 3,750 to 4,050 miles at full payload. This 
corresponds to the distance between the US 
East Coast and West European capitals. The 
airlines would prefer a range of 5,000 miles, 
which would also allow them to fly across the 
Pacific. Apart from the fact that intermediate 
landings for refuelling would be deemed retrograde 
by the travelling public, their introduction would 
give use to serious doubts about the supersonic 
transport as a commercial proposition. The 
carriers stress the importance they attach to 
“genuine” range data, i.e., shorn of too many 
“ideal conditions”; in their view, headwinds, 
reserves, additional equipment, and other similar 
factors must be properly allowed for. The air- 
lines also consider it over-optimistic to count on 


Table 2 





Number of Mach 3 (100-seat) Long-Range Airliners Possibly 
Required on Main Trunk Routes in 1967 (according to ICAO) 





Number of Aircraft 








Routes International Domestic Total 
North Atlantic 58 58 
Mid-Atlantic, South Atlantic 
and Polar 7 7 
Europe-Middle and Far East-Australia 11 11 
Europe-Africa 4 2 6 
US and Canada (domestic) 22 22 
North America-South America 7 7 
North America-Pacific 9 9 
Trans-Europe 2 2 
Allother 2 1 3 
100 25 125 


continuous climb in cruise flight, a procedure 
which has for years been tried for in vain. 


Who Will Foot the Bill? 


It is an understood fact that the colossal de- 
velopment costs are beyond the capacity of even 
the largest concerns. How, and under what con- 
ditions, government assistance should be given, 
may well become a bone of contention. While 
BAC in Great Britain and Sud-Aviation/Dassault 
in France continue their project studies with 
only modest government support, in the United 
States—as mentioned at the beginning of this 
article—an outline plan has been devised under 
which FAA, NASA and USAF are together to 
draw up a detailed programme for the develop- 
ment of a Mach 3 transport. FAA will probably 
take over the main responsibility and arrange the 
necessary government credits, whereas NASA 
and USAF will make available their technical 
and administrative resources. For the first two 
years, it is planned to help American industry 
clear up basic problems by making moderate 
financial contributions, and then to decide whether, 
and in what form, to continue government sup- 
port. On the other hand, no iarge-scale subsidy 
from the taxpayers’ money is apparently under 
consideration. On the contrary, possible repay- 
ment of credits is being suggested. The rules of 
free competition are to apply. 

American industry has received this policy 
with mixed feelings. Government support is 
described by the industry as indispensable, yet 
government regimentation in the technical field 
is frowned upon. Many concerns are in favour of 
a comparison flight of two or more prototypes, 
but make no suggestions as to who shall be res- 
ponsible for financing it. 

* 

In view of the present crisis, which has come 
about in aviation as a result of over-hasty re- 
equipment, the instinctive fear arises that the 
forced introduction of an aircraft that is so 
revolutionary from the technical angle, would 
merely overtax the airlines. Is supersonic trans- 
port a cogent necessity? Every passenger would, 
of course, gladly welcome a shortening of the 
North Atlantic time from seven hours to about 
two, not to mention longer routes. But can this 
really provide air transport with as many more 
passengers as is hoped? Supersonic transport is 
far too exacting to be suitable as transport for 
the masses. One thing is in any case certain: 
never has the aviation industry been faced with a 
more fascinating problem. ++ 
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Supersonic Transport Propulsion 


Jet Engines for the Supersonic Airliner 


The following article is an extract from a review of supersonic engine requirements prepared 
by Pratt & Whitney Aircraft. The next major step in the evolution of transport aircraft will 
undoubtedly be the supersonic airliner, and the development of the engine will be a deciding 
factor in establishing whether the aircraft will be designed for operating speeds of Mach 2 or 


Mach 3. 


i 


te actual physical appearance of the 
supersonic transport aircraft is still to a great 
extent a matter of conjecture. Many complex 
problems are involved and certain funda- 
mental decisions concerning the size and 
operational regime of the aircraft have still 
to be made before an accurate picture is 
possible. One fact, however, is abundantly 
clear. If the supersonic transport is to take 
its place in the general picture of air transport 
it must be economically competitive without 
an operational subsidy. 

Operating cost will be a question of prime 
importance if the aircraft is to be competitive, 
and a number of studies indicate that fuel will 
account for about half the gross takeoff 
weight of the aeroplane. Fuel cost alone, there- 
fore, will form perhaps more than half of 
the direct operating costs, and for this reason 
fuel consumption and economy will be of vital 
importance in the selection of the optimum 
powerplant. Engine reliability combined with 
maintenance and replacement costs are also 
factors which weigh heavily in the total 
operating cost. 


When considering the pattern of the future 
supersonic transport, the first point to be 
established is the cruising Mach number. It is 
generally accepted that two speed regimes 
exist, the first at about Mach 2.0—2.2 and 
the second at Mach 3.0 and above. The lower 
speed permits the use of an airframe of con- 
ventional aluminium construction, but with 
limited development potential for speed in- 
crease, while the Mach 3.0 regime promises 
greater productivity but poses technical 
problems in construction and metallurgy. 
The use of steel or similar high-temperature 
alloy is foreseen for the airframe in this case 
and obviously the develoy ent of the vehicle 
would take considerably lunger. 


A speed of Mach 2.3 is generally taken to 
be the demarcation between the two types, 
and assuming the decision to fall on the 
slower aircraft, the time of development 
would be shortened and the development 
costs would also be reduced. In selecting a 
suitable powerplant for the Mach 2 aircraft, 
certain general conclusions can be stated. It 
would appear that a turbojet engine with a 
high-temperature afterburner can be ruled 
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Relative thrust specific fuel consumption 


The Editors. 


out on the grounds of high fuel consumption 
and also by the excessive noise levels it devel- 
ops. A similar turbojet without afterburning 
would be acceptable on the grounds of noise 
but would offer inadequate thrust for acceler- 
ation and climb. To provide the thrust for the 
acceleration phase some form of low tempera- 
ture afterburning would appear to be required. 

The supersonic cruise condition is not the 
only design requirement of the aircraft and 

















The straight turbojet (above) and the front fan turbofan 
engines suitable for the Mach 2 regime. In both cases the 
engines are of two spool design with variable nozzles. 
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Operating pressure ratio at Mach 2 





The characteristics of the turbojet and turbofan compared 
for Mach 2 cruise at 55,000 ft. The first diagram compares 
the relative thrust specific fuel consumption with increas- 
ing pressure ratios at Mach 2, and it can be seen that the 
high compression ratio engines yield the optimum fuel 
economy. The two other diagrams compare the relative 
thrust specific fuel consumption and the relative specific 
weight to a range of turbine inlet temperatures. This 
shows the turbojet to possess the lower specific fuel con- 
sumption, while the turbofan has the lower specific 
weight. 


in fact, it is estimated that over 40 percent of 
the fuel will be consumed at subsonic speeds. 
In these circumstances, it may be advan- 
tageous to sacrifice some of the cruise econo- 
my in favour of economy in subsonic per- 
formance, improved noise characteristics, 
and somewhat better specific weight. If this 
is the case, a turbofan engine with duct heat- 
ing augmentation offers great promise. 

Studies of the Mach 3 regime conducted 
by Pratt & Whitney indicate that an engine 
of moderate compression ratio (perhaps 8:1 
at sea-level) will offer the optimum economy 
essential to the supersonic transport. This 
engine could be either a turbojet or turbofan, 
each with some form of thrust augmentation. 
At Mach 3 and above, a turboramjet might 
offer some advantages. However, to achieve 
with a turboramjet the reliability which is 
consistent with commercial operation would 
involve extensive pioneering in several un- 
explored problem areas. 

A comparison of the characteristics of the 
turbojet and turbofan engine at Mach 2 and 
Mach 3 reveals the following details. At 
Mach 2, engines of high compression ratio 
yield optimum fuel economy, while at 
Mach 3, the moderate compression ratio 
engine gives the best fuel consumption. Turbo- 
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Relative thrust specific fuel consumption 


jets offer lower specific fuel consumption 
than turbofans at Mach 2, but at Mach 3 the 
turbofan consumption becomes competitive. 
At both Mach 2 and 3, turbofans offer lower 
specific weight than turbojets, particularly at 
turbine inlet temperatures consistent with 
commercial operation. 

If these characteristics are read in con- 
junction with the need for flexibility in opera- 
tion, it appears that the economic advantage 
lies with the turbofan engine. The proportion 
of the fuel consumed in flight conditions other 
than the designed supersonic cruise, namely 
the off-design operation, has a profound 
effect on the direct operating cost and the 
overall flight economy. The specific consump- 
tion of the turbofan, in either subsonic cruise 
or in holding operations at low altitude, points 
to its suitability for the off-design operation. 

Whatever the layout of the engine selected 
for the supersonic transport, whether it be 
the turbofan or the straight turbojet, the 
necessity for minimum specific fuel consump- 
tion will offer a strong incentive to operate 


Three possible engine configurations for the Mach 3 transport. 
The engine will be of moderate compression ratio and may be 
either a single spool turbojet (above) or two-spool turbofan 
(centre). A third and interesting possibility is the ducted jet 
engine which operates as a ramjet at high Mach numbers by 


combustion of fuel in the rear duct. 
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A comparison of engine characteristics at Mach 3 cruise 
at 65,000 ft. The relative thrust specific fuel consumption 
is compared with the operating pressure ratio at Mach 3 
and with a range of turbine inlet temperatures. The rela- 
tive specific engine weight is also compared to the turbine 
inlet temperatures. Taking all the factors into considera- 
tion, it appears that the advantage lies with the turbofan 
engine, 
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A comparison of the thermal efficiencies of the three 
types of engine for supersonic flight, in relation to Mach 
number. 


the engine at turbine temperatures in excess 
of those employed in current practice. A 
basic problem will be the achievement of 
designs capable of long and dependable 
service at these high temperatures. Apart 
from the overriding requirement for engine 
reliability and safety, which is essential to the 
commercial carrier, there is also the economic 
factor of the expense of unscheduled engine 
changes and parts replacement. The approach 
to this problem involves the development of 
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superior materials, and the devising of meth- 
ods for cooling critical hot section parts 
such as turbine blades and vanes. For several 
years Pratt & Whitney has conducted a 
research programme in the technology of 
high temperature operation of cooled and 
uncooled turbines and a laboratory has re- 
cently been established which is devoted 
exclusively to basic research in the domain of 
high temperature materials. 


Another field in which extensive research 
is being pursued is that of fuels. In the super- 
sonic aircraft, the fuel will fulfil a double role 
in that it will be used to cool the aircraft 
structure and then fed to the engines. The use 
of a volatile and highly inflammable medium 
as a heat sink poses many problems for the 
engineer if all the potential hazards are to be 
overcome. The solutions to these problems, 
however, do not lie entirely within the pro- 
vince of the engineer; the chemist also will 
have to play a part in the development of 
satisfactory fuels and lubricants to meet the 
high temperature conditions encountered in 
supersonic flight. 


The performance of the supersonic engine 
is linked inherently to the efficiency of the air 
intakes and the engine nozzles. As speeds in- 
crease, less compression is accomplished by 
the engine compressor and more by the ram 
effects in the intake ducting. To date, the 
company has carried out more than 4,000 
hours of wind tunnel tests on over 220 con- 
figurations of engine inlet in a research and 
analysis programme. Similarly 415 different 
configurations of variable geometry exhaust 
nozzles have been built and tested and 8,500 
hours of wind tunnel testing have been 
accumulated. As a result of these extensive 
tests Pratt & Whitney has designed an ejector- 
type nozzle with aerodynamically actuated 
blow-in doors and trailing edge flaps, which 
eliminates many of the complexities of the 
variable convergent-divergent nozzle. 


It is obvious that the production of the 
powerplant for a supersonic aircraft will be 
a long and arduous task. In the view of the 
company, however, the time scale for this 
programme can be assessed at the moment. 
Given effective collaboration on the es- 
tablishment of operational requirements, and 
with the early availability of the necessary 
funds and the authority to proceed, the super- 
sonic aircraft could become operational with- 
in a decade. This period would comprise two 
years for study followed by two and a half 
years for engine design and development. The 
prototype engines would be available at the 
end of this period and production engines six 
years hence. Implementation of such a sche- 
dule could make possible a development 
programme for a Mach 3 aircraft with flight 
tests with prototype engines after five years, 
and the aircraft in operational service in 
eight years. If the decision falls on the Mach 
2 transport constructed in conventional 
materials, this time schedule could be reduced 
considerably. ~> 
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The Selection 


of a Supersonic Transport Powerplant 


Wren considering powerplants for the super- 
sonic transport, certain basic premises must be 
adopted, so that a point of departure for further 
study and development can be established. The 
General Electric Company believes that the super- 
sonic transport will be developed to take its 
proper place in civil transportation. The aircraft 
will be of fairly high supersonic speed (greater 
than Mach 2), but it definitely will be aero- 
dynamically supported and controlled, i.e. not 
a ballistic or orbital vehicle. Further, the aero- 
dynamics, upon which the airplane’s design will 
be based, will have their origin in current military 
programs which are either operational or in 
development. 

The powerplant will definitely be an _air- 
breathing engine employing fossil fuel, in this 
respect similar to current aircraft powerplant 
practice. Although the application of rocket, or 
self-oxidizing, powerplants for supersonic flight 
is practised today, this propulsion system is more 
applicable to flight outside the earth’s atmosphere. 
The anticipated operating altitude of the super- 
sonic transport is believed to be still within the 
earth’s atmosphere. The use of “chemical” or 
“exotic” fuels, which at one time was receiving 
considerable attention in military aviation, will 
not be seriously considered for the commercial 
supersonic transport. The orerational advantage 
of decreased fuel weight, due to its higher heating 
value, is believed to be completely offset by the 
prohibitive cost (almost forty times more costly) 
and its hazardous characteristics (toxicity). 

The approximate date when the supersonic 
transport will become operational will probably 
depend on when the airlines can afford to include 
the vehicle in their fleets. This date will, undoubt- 
edly, be beyond the earliest date that the airplane 
and engine could be developed. Therefore, a 
reasonable advancement in technology will 
probably be achieved before the aircraft is 
designed or purchased. The ultimate powerplant, 
consequently, will be based on technology which 
is either being developed now, or has yet to be 
developed. 


From a strictly powerplant viewpoint, there 
exists a distinct advantage in high speed flight. 
This fundamental fact is illustrated in Fig. / where 
the optimum overall thermal efficiency of repre- 
sentative engines can be seen to increase notice- 
ably as flight speed is increased. Unfortunately, 
the airframe does not experience this same benefit, 
but considering recent strides made in aero- 
dynamics, the combination of engine and air- 
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frame efficiencies is expected to yield a specific 
range comparable to today’s subsonic turbojet 
transport, at a tremendous increase in flight speed. 
Although the improvements in powerplant 
efficiency associated with increased flight speed 
can compensate for the deterioration in aero- 
dynamic efficiency (lift-to-drag ratio), this com- 
pensation is only in specific range or miles per 
pound of fuel consumed. Since this deterioration 
in aircraft L/D demands higher thrust for a given 
size aircraft, the requirement for additional 
powerplant either in size or number of engines is 
apparent. Needless to say, if aircraft range is to be 
maintained, the requirement for increased 
installed power must be satisfied without affecting 
the aircraft’s fuel load. Any increase in power- 
plant weight, therefore, will result in lower pay- 
loads for a given aircraft gross weight or, con- 
versely, for a given payload and range the airplane 
can be expected to be proportionately larger. 


Engine characteristics 


The engine must be capable of meeting operat- 
ing requirements such as takeoff, climb, accelera- 
tion, descent, holding, and landing. Meeting these 
requirements, may indeed be a Herculean task, 
if overall operating economy is to be achieved. 

The powerplant should be capable of high 
thrust during takeoff to permit the airplane to 
become airborne within realistic runway distances. 
This must be accomplished by an airplane which 
requires a higher air speed to become airborne. 
A high acceleration rate, to reach this higher speed 
in the same distance, must be achieved by 
employing an appreciably higher ratio of engine 
thrust to airplane weight than in subsonic trans- 
ports. It is possible that the installed power suffi- 
cient to accomplish takeoff may result from 
meeting other flight conditions, and may not be 
a major problem. However, since engine noise 
represents an important consideration, any excess 
thrust will probably be offset by operating at 
reduced power settings to limit the noise 
generated. In the final analysis, the takeoff 
characteristics of the airplane will be established 
by these considerations as well as aircraft design 
considerations. 

During the climb and acceleration portion of 
the flight, and considering the limitations on flight 
speed due to sonic boom and airplane gust load 
factors, as much thrust as possible is required 
from the engine. It is possible that the size of the 
powerplant might be based on this particular part 
of the flight envelope. Not only is it relatively 


difficult to establish finite thrust requirements, but 
excessive powerplant size to meet the climb 
requirement must be transported in the cruise 
regime and represents needless dead weight, as 
well as a poorly matched system. Rather, a 
powerplant capable of maximized thrust in the 
cruise condition would be highly desirable. 
Because the airplane system benefits greatly from 
rapid climb and accelerations, the amount of time 
spent in climb is kept short and, hence, the fuel 
consumption rate or thermal efficiency is of 
secondary importance. 


As a part of the civilian air transport system, 
it is recognized that the supersonic transport must 
be capable of being operated within air traffic 
control systems and regulations in existence at 
the material time. Depending on what develop- 
ments will evolve in the traffic control picture, the 
requirement for the airplane to be stacked in a 
holding pattern or dispatched to a suitable 
alternate field at the end of its trip is expected to 
exist to some degree. Current regulations specify 
the amount of reserve fuel based on either times 
or distances and, therefore, in meeting this 
requirement the attraction of a low fuel con- 
sumption engine is apparent. Hence, not only 
must the powerplant be highly efficient at design 
cruise speed but, also, at extremely low subsonic 
speed and at low power settings. 


Each of the above operating regimes defines an 
engine of unique characteristics. The requirement 
for high takeoff thrust points to a fairly high 
bypass ratio turbofan which produces its thrust 
at relatively low jet velocities. To obtain maximum 
thrust for climb and acceleration without too 
much regard for operating economy, a high per- 
formance turbojet, possibly with afterburning, 
appears to fill the bill. For supersonic cruise, 
where an appreciable amount of operating time 
is accumulated, the optimum in engine efficiency 
is desirable. For this flight condition, a high per- 
formance turbojet without afterburning is capable 
of near optimum efficiency. Also, when the higher 
cruise speeds are considered, the simple ram jet 
is competitive both in efficiency and absence of 
engine complexity. Finally, for the subsonic 
holding requirement, a powerplant characterized 
by low fuel consumption at reduced speed and 
power settings, such as a high thermal efficiency 
turbofan of rather high bypass ratio, is indicated. 
In all cases, due to the higher power requirements, 
the powerplant should be as light in weight as 
possible and still possess the qualities of safety, 
reliability, maintainability, etc. that exist in 
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Fig. 1: 

The overall thermal efficiency of the turbojet engine in 
relation to the flight Mach number. Increasing forward 
speed results in an increased pressure ratio in the engine 
intake so that the engine works at a higher pressure ratio. 


today’s commercial powerplant. Quite a Her- 
culean task for one engine! 


The noise problem 


Since the introduction of commercial jet 
powered aircraft, the subject of aircraft noise has 
become an extremely important consideration. 
Needless to say, it cannot be anticipated that any 
acceptable limits in noise level that are being 
established by today’s jet fleet will be exceeded. 
Unlike its subsonic pure jet predecessor, the 
supersonic transport powerplant will be designed 
to specific noise requirements during its initial 
or preliminary phase. Fortunately, subsonic 
commercial and military experience has provided 
us with a better understanding of engine-generated 
noise and the design of the engine can be properly 
influenced. 

Engine noise is known to be generated by two 
specific actions within a jet engine. The first source is 
the “‘jet roar” due to the shearing action between 
the high velocity jet stream and the surrounding 
air. By reducing the velocity of the propulsion 
jet stream relative to the surrounding air, the noise 
can be greatly reduced. This reduction in noise 
level is shown in Fig. 2, where in engine which 


Fig. 3: 

A comparison of the noise levels at climb-out for the 
supersonic and subsonic transport. Owing to its greater 
installed thrust and steeper climb, the noise from the 
supersonic aircraft is attenuated by altitude so that at a 
point 2!4 miles from the start of roll, it is equivalent to 
that from the subsonic transport. Curves ‘‘A”’ and “*C” 
supersonic; ‘“‘B” and ‘*D”’ subsonic. 
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Fig. 2: 
The relationship of noise to jet velocity for an engine 
giving 25,000 Ib takeoff thrust. 


produced 25,000 Ib of thrust at a jet velocity of 
3,000 feet per second, typical of an afterburning 
turbojet, would be over sixty times noisier (18 dB) 
than an engine which produces 25,000 pounds of 
thrust at a jet velocity of 1,600 feet per second, 
typical of a turbofan engine. This benefit of 
designing an engine with low jet velocities is 
readily apparent even when the use of noise 
suppressors is anticipated, which can result in a 
further reduction in noise level regardless of jet 
velocity. 

Also characteristic of the jet engine is the 
fairly high pitched “‘compressor whine” type of 
noise the engine generates. This noise is usually 
more predominant during low power setting 
operation, as occurs in the landing approach 
flight segment when the higher intensity jet noise 
is greatly reduced. The cause of this noise has 
been identified as the impingement of the wake 
from the rotating blade on the stationary stator 
vanes, as well as the noise generated by the 
rotating compressor blade itself. This noise is 
generated at the frequency of the passing rotor 
blades, which, for a given number of blades in one 
stage, is related in turn to rotor rotational speed. 
Hence, this noise is generated at a discreet 


Fig. 4: 

The relationship of acceleration thrust to transonic 
penetration. The upper curve “A” is the engine thrust 
for transonic penetration at 36,000 ft, whilst curve ‘*B” 
is the engine thrust for 25,000 ft penetration. ‘“‘C’’ is 
required thrust for 2 ft/sec? acceleration and “D” air- 
craft drag at Mach 1.0. 
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frequency, variations of which are usually within 
one octave band, and lends itself quite readily 
to suppression by a technique called resonating. 
Tests conducted to date indicate that appreciable 
noise reductions of up to 8 decibels in perceived 
noise level can be achieved. 


Engine location 


In addition to treatment, the probable location 
of the engines will also have a favourable effect 
on reducing the noise level due to compressor 
whine. The engine of the supersonic transport will 
be characterized by the long narrow inlet which 
will have the effect of concentrating this noise 
to within a very narrow angle of the engine’s 
centerline. In fact, due to the probable aircraft 
angle of attack during approach, this noise may 
be directed upwards rather than downwards. 


From the foregoing, it is apparent that sufficient 
experience has been accumulated to enable the 
supersonic powerplant to be similar in noise 
level to the subsonic powerplant for the same 
level of thrust. However, as mentioned earlier, the 
supersonic transport will probably require more 
installed power than its subsonic predecessor to 
achieve its supersonic cruise speed and, as a 
result, the airplane will probably be appreciably 
larger for a comparable payload. Both of these 
influences will result in an increase in generated 
noise of about 3-4 decibels more than a subsonic 
airplane of similar range and payload and with 
engines of similar jet velocities. 


Supersonic operations 


Before any conclusions can be arrived at on 
noise level comparisons, the influence of the air- 
plane’s operation must be considered. Noise 
limits either are, or will be, established by the 
general public or community and, therefore, only 
the noise that reaches the community is subject 
to limitation. The amount of noise reaching a 
particular community is not only a function of 
the noise generated but, also, the amount of noise 
attenuation that can be obtained. In an airplane, 
this attenuation is achieved by altitude. Since the 
supersonic transport is expected to have more 
installed power than the subsonic transport, it is 
also expected that the supersonic transport will 
be capable of a much steeper climb gradient. 
Fig. 3 illustrates the difference in climb-out gra- 
dient that can be expected, as well as the noise 
level along the ground resulting from this climb- 
out path. Here it is apparent that, although the 
supersonic transport may generate more noise, 
the steeper climb-out gradient results in less noise 
at ground level at distances greater than 2!4 miles 
from start of roll. 


Associated with supersonic flight is the presence 
of an abrupt pressure pulse referred to as “sonic 
boom.” This problem might be considered to 
belong to the aircraft rather than to the power- 
plants; however, the influence that this problem 
could have on the operation of the aircraft is 
important to powerplant design. It has been fairly 
well established that, of the various contributing 
factors that influence the strength of the sonic 
boom, altitude is the most predominant. Barring 
any major breakthrough in preventing or minimiz- 
ing the intensity of the sonic boom, a real require- 
ment for high altitude transonic acceleration and 
supersonic cruise is indicated. Meeting the cruise 
requirement should not be too restrictive, since 
the airplane will probably have to cruise at high 
altitude to achieve optimum cruise L/D’s at 
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acceptable wing loadings. The restriction of not 
exceeding sonic speed below a certain minimum 
altitude during acceleration and climb may very 
well be the one factor which will establish the size 
and type of powerplant. 

To achieve specific range comparable to its 
subsonic predecessor, the supersonic transport 
must be operated at or near its design speed and 
altitude. Reaching the design speed and altitude, 
however, is a much greater task, during which 
time the penalty for being off the design figures 
may be extremely severe. Analysis conducted to 
date on a number of different engine types 
indicates that the optimum airplane system is one 
which can reach its design cruise speed and alti- 
tude as rapidly as possible. Accomplishing this 
rapid climb and acceleration demands a favorable 
margin of engine thrust in excess of airplane drag, 
and can be attained by either decreasing the drag 
of the airplane or increasing the thrust of the 
engine. 

For a particular airplane system, however, 
altitude has a pronounced effect on engine thrust, 
while aircraft drag is somewhat insensitive to 
altitude. The resultant reduction in thrust/drag 
margin with increasing altitude is shown in Fig. 4. 
The engine represented by the upper curve is 
capable of providing sufficient acceleration thrust 
at 36,000 feet, but is 75 percent larger than the 
engine represented by the lower curve which can 
meet the thrust requirement at 25,000 feet. From 
this, the benefit of accelerating at low altitudes 
is readily apparent. Since the sonic boom con- 
sideration will probably establish minimum 
altitude for Mach 1 flight, the favorable thrust/ 
drag margin will probably have to be obtained 
by increasing the installed power of the airplane 
according to the upper line in Fig. 4. 


Inlet design 


The supersonic airplane introduces another 
critical problem: the engine installation including 
the engine inlet. If anything, the inlet is probably 
mis-named, since its function is much broader 
than just admitting air to the engine. Flying at 
three times the speed of sound, the “inlet”? must 
pre-compress the incoming air to 30 times its 
original pressure with an efficiency of up to 95 
percent. Studies indicate that this can be achieved, 
although the hardware with which to achieve 
this becomes relatively sophisticated and complex. 


A significant characteristic of this supersonic 
inlet will be its airflow relationship. Unlike a sub- 
sonic inlet, the airflow of an efficient supersonic 
inlet must be held to one specific value for a 
particular flight altitude and speed. Variation 
of the airflow from this discreet value generally 
has catastrophic effects like shock expulsion or 
swallowing, both of which result in a very violent 
reduction in engine performance. Consequently, 
it is highly desirable that the engine be closely 
matched to the inlet, and a high degree of mutual 
control be employed. Further, since inlet per- 
formance is so dependent on the airflow, thrust 
variations required during flight must be made by 
means other than changes in engine airflow and 
hence engine speed. For an example, the J-93 as 
employed in the B-70 runs at constant speed 
(100 percent) during supersonic flight with thrust 
modulations accomplished by changing the 
specific thrust (thrust per pound of airflow) of the 
engine. 

The importance of the inlet system cannot be 
over-emphasized. At relatively high supersonic 
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speeds, the thrust of the powerplant acts on the 
internal surfaces of the inlet and the inlet literally 
pulls” the aircraft through the air. The engine’s 
function in this case is just to set up the flow field 
and inject energy into the passing air. This is 
apparent in today’s ramjet which consists only 
of an inlet, burner, and jet nozzle. Due to its 
importance, the design of the inlet will have to 
receive an appreciable amount of attention during 
the development of the supersonic transport. 


Engine operating temperatures 


The effect of high supersonic speed on the 
powerplant is principally the high inlet tempera- 
ture admitted to the engine. Other than this, the 
engine, from the inlet of the compressor to the 
discharge of the turbine, does not really know 
that is is flying at supersonic speeds. The high 
inlet air temperature, however, greatly influences 
both the design and operation of the engine. For 
example, certain hot parts of the engine, like 
turbine wheels and frames, are usually cooled by 
an air bleed from the engine compressor. At high 
supersonic speeds the cooling effectiveness of the 
air is greatly reduced due to its temperature. Parts 
of the engine which normally operate cold, like 
the engine compressor, will now operate at 
temperatures approaching present-day turbine 
temperatures, and the materials selected for these 
components must be capable of withstanding 
these temperatures and yet give reasonable life. 
Also, since the area surrounding the engine will 
be quite warm, any instances of small fuel or oil 
leaks will invariably result in fires, and extra pre- 
cautions must be undertaken to prevent such an 
occurence. 


Airframe cooling 


The attractiveness to the airframe designer of 
using the aircraft’s fuel as a possible heat sink 
is easily recognizable. This practice is not new; 
every gas turbine engine that General Electric has 
built has used the fuel as a heat sink for oil cooling. 
However, the amount of heat transferred to the 
fuel will probably be appreciably higher when it 
is used to cool the airframe structure. Principally, 
the effect of using the fuel as the airframe heat 
sink is felt by the fuel itself rather than the engine. 
In fact, the requirement is for the engines to 
consume the fuel as it is heated, rather than 
allowing the fuel to increase too greatly in 
temperature. This requirement, however, tends 
to establish a minimum flow rate, below which 
the fuel to the engines would experience a 
prohibitive rise in temperature. Although this 
minimum fuel flow rate will probably be well 
below that required at normal cruise, it will 
probably prohibit flight idle power settings as 
might be employed during a rapid deceleration 
and descent. The deceleration and descent might 
have to be executed more slowly to maintain this 
minimum fuel flow until the aerodynamic heating 
effect from flight speed has been lessened. 


Deceleration problems 


Thrust brakes or reversers for the supersonic 
transport have been receiving some attention. For, 
although the airplane will probably have a 
landing weight of about one-half its takeoff 
weight, employing braking means other than 
wheel brakes will probably be as desirable as it is 
today. There are several features unique to the 
supersonic transport which will warrant con- 
sideration. Due. to the probable higher power 


loading (thrust/takeoff weight) of this aircraft, 
and to the large difference between takeoff and 
landing weight, the amount of the engine’s thrust 
required to be reversed may be appreciably less 
than the 40 percent used in today’s subsonic 
transport. Incorporating this thrust reverser into 
the design of the engine will require special 
consideration, especially with regard to the effect 
that the reverser might have on the engine nozzle 
performance. On the supersonic powerplant, any 
variation in engine nozzle performance is four 
times more pronounced on engine thrust, and, 
therefore, is extremely important. Also, the 
supersonic powerplant, regardless of type, will 
probably have a relatively sophisticated nozzle 
with variable geometry, — features which will 
require special consideration in the design of the 
thrust reverser. 


Conclusion 


The existence of powerplants to power super- 
sonic aircraft is not new. Today’s fleet of super- 
sonic aircraft, made up of fighters, bombers, and 
attack planes, has speed capabilities in excess of 
twice the speed of sound. In addition, military 
aircraft with speed capabilities in excess of Mach3 
are currently under development. The question 
may be asked therefore, whether the powerplants 
for these aircraft might not be suitable for the 
commercial supersonic transport. 


These powerplants could indeed power the 
supersonic transport. Further, these engines could 
be provided today. However, these engines would 
probably fall far short of the commercial require- 
ments for economy and operating flexibility, since 
they were intentionally designed for a different 
type of service. But even more important, since 
the operational date of the supersonic transport 
may be more related to factors other than engine 
development, an appreciable amount of technolo- 
gical advancement may be possible before the 
aircraft enters commercial service. Consequently, 
any attempt to identify the supersonic transport 
powerplant should recognize the state-of-the-art 
advancement that may occur in this period. 


In summary, the features of the powerplant 
for the supersonic transport can be seen to fall 
into two categories: one of performance, which 
includes operating economy, and the other of 
non-economic operating characteristics, which 
will allow the airplane to be accepted by society. 
Meeting the requirements of performance and 
operating economy over the entire operating range 
with one type of engine may be a respectable 
achievement. Meeting the non-economic operating 
requirements like noise, sonic boom, etc., further 
complicates the task. However, experience ob- 
tained to date in commercial transport as well 
as from the supersonic military bomber should 
provide us with the necessary know-how and 
skills. 


Some of the problems which will be encountered 
along the way have been touched upon, and we 
are optimistic that suitable solutions will be 
developed. In fact, being able to recognize these 
problems before we undertake the final design 
of the powerplant is an extremely beneficial 
situation. We have a lot to learn and the enormity 
of the job will require the utmost in coordinated 
effort between all factions: the user airline, the 
airframe manufacturer, the engine builder. 
However, we are confident that the task can be 
successfully accomplished. + 
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Supersonic Engine Problems 


By J.G. Keenan, Rolls-Royce Limited, Derby. 


This paper is confined to the consideration of 
power plants for transport aircraft designed to 
cruise at Mach numbers between 2 and 3 and 
intended to enter passenger carrying service in 
the 1968 to 1972 period. A great deal of atten- 
tion is likely to be focussed on the merits of 
different engine types, the two principal divisions 
of which are the straight jet and the by-pass. Both 
types are now well established in subsonic service. 

In a broad survey of the engine situation, it can 
immediately be said that there are no problems 
in the engine itself which will not yield to the 
normal, and currently accepted, processes of aero- 
engine design and development as practised by 
the principal firms in the industry. The engines 
will not be different in kind from those which are 
operating in today’s jet transports and, in some 
respects, may be simpler. They will, of course, be 
big engines. 


Influence of the Flight Plan 


On its own, stipulation of the cruise Mach 
number is not sufficient to determine the engine 
design. From a hypothetical, but representative, 
London — New York flight plan (Fig./), it will 
be seen that a little more than 50 percent of the 
total fuel is consumed during the supersonic 
cruise. About 25 percent is used during the sub- 
sonic climb to 36,000 ft or 40,000 ft and in the 
subsequent acceleration-climb to cruise altitude 
and speed. No less than 20 percent is carried as 
reserves, for diversion and standoff, this to be 
consumed under subsonic conditions. The impli- 
cation of such a flight plan is that an engine 
intended for a supersonic transport must have 
not merely the best possible specific fuel con- 


Fig. 2: 

A typical installation of engines in a supersonic transport 
aircraft. 
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sumption at supersonic cruise, but a good subsonic 
specific fuel consumption as well. 

The emphasis on good subsonic S.F.C. natu- 
rally leads to the selection of a higher compression 
ratio than that which would be chosen from con- 
sideration of supersonic cruise alone. However, 
compression ratios as high as those of the most 
modern subsonic engines cannot economically be 
employed, owing to the fall in specific thrust at 
supersonic cruise enforced by the predicted limi- 
tations of turbine entry temperature. In general, 
it is found that computation through the complete 
flight plan yields an optimum compression ratio 
(measured at takeoff) of 12 to 13 for a Mach 2.2 
engine and 8 to 9 for a Mach 2.8 engine. 


The Noise Problem 


It would be quite unthinkable to embark upon 
a supersonic transport programme without giving 
very careful consideration to the noise problem, 
not merely on the basis of 1960 standards, but in 
the light of the kind of airport noise legislation 
which may exist in the 1970 period. The super- 
sonic transport will pack a lot of thrust and, at 
the start of the takeoff run, it will be capable of a 
lot of noise. Can the designer assume this to be 
permissible? Or is it likely that legislation before 
1970 will place restrictions on the field noise to 
which passengers, airport personnel and close 
local residents can be exposed ? 

A feature of the supersonic transport is its high 
takeoff thrust/weight ratio. The takeoff weight is 
likely to be somewhat greater than the 300,000 Ib 
figure of the 1960 long-range jets and, therefore, 
the installed thrust may be as much as double. 
Lower jet velocities give the lower noise levels but, 
for a specified thrust, require a larger installed 
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airflow. Thus, a low field noise requirement 
would influence the designer in favour of a by- 
pass or turbofan type of engine. 

Because of the high thrust/weight ratio of the 
supersonic transport, its ground run is likely to be 
modest and the initial angle of climb extremely 
steep, so that, at a specified distance from start of 
roll (say 3 or 4 miles), its altitude will be greater 
than that of 1960 subsonic transports. Altitude is 
an excellent noise attenuator, so that roughly we 
can say that at 4 miles from start of roll, a practi- 
cal turbojet aircraft would produce 102 to 105 
PNdB, while a practical by-pass engined aircraft 
should produce something well under 100 PNGB. 


Engine Layout 

The effect of the large amount of subsonic 
flying contained in a practical transatlantic flight 
plan is to dictate a compression ratio not very 
different from today’s subsonic transport engines 
for a Mach 2.2, but somewhat less for a Mach 2.8 
transport. For both Mach numbers, a by-pass 
engine would have two shafts, while a straight jet 
would certainly have a single shaft for Mach 2.8 
and probably two shafts for Mach 2.2, although 
the compression ratio of the latter is not so high 
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Fig. 1: 

The fuel breakdown for a typical flight plan at Mach 2.2. 
(A) Stand-off. (B) Contingencies. 

From the diagram it can be seen that half the fuel load 
is employed for subsonic flight. 


as to rule out a single-shaft design. Cruise turbine 
entry temperatures will be high in order to obtain 
a satisfactory specific thrust in supersonic flight, 
although they need not be as high as we had 
originally thought. 

The by-pass type of engine can obtain greater 
benefit from high cruise turbine-entry tempera- 
tures, this depending on the value of the by-pass 
ratio. In general, the greater the by-pass ratio, the 
higher the turbine entry temperature which it is 
profitable to employ. In addition, a by-pass engine 
intended for Mach 2.8 may have cruise reheat. 

In making a choice between turbojet and by- 
pass designs two major areas must be assessed, 
both of them strewn with unknowns: 

e Firstly, the transonic acceleration. Should the 
drag and/or altitude be high, then a large thrust 
boost will be required for a short time interval, 
necessitating the use of reheat for transonic 
acceleration. Because of its lower mean efflux 
temperature, coupled with a fixed maximum 
permissible reheat temperature, the by-pass is 
capable of producing a greater thrust boost than 
the turbojet engine. This would be further en- 
hanced by the probability that the by-pass, being 
designed with an eye on low take-off noise level, 
would have a bigger installed airflow than the 
turbojet anyway. 

e@ Secondly, the takeoff noise level. There is no 
doubt that low takeoff noise level involves a large 
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installed airflow and a low mean efflux velocity. 
The question is, how low the noise level should 
be. If we take the noise levels of 1960 long range 
transports as a yardstick, then a practical turbojet 
supersonic transport can be designed with a noise 
level which is not outrageously high. But if lower 
levels are required, the by-pass is the alternative 
choice. 

Unfortunately, we cannot make the choice on 
noise alone. Our studies have consistently shown 
the by-pass installation to be somewhat heavier 
than the turbojet, resulting in a marginally worse 
engine weight plus fuel weight over a full London- 
New York flight plan. The increase in installation 
weight is not so much in the engine itself as in the 
long variable intake, thrust reverser, propulsion 
nozzle etc., all of which have to be bigger to pass 
the higher airflow. 

Thus, we face the situation in which the best 
operating economics would be given by a turbojet 
of relatively high takeoff noise level. If the quieter 
by-pass is to be used, a small economic penalty 
may have to be accepted. 

However, it should be made quite clear that, if 
the installed airflow of a turbojet transport were 
made big enough to give as low a noise level as 








Fig. 3 

The distribution of airflow in an intake at Mach 1.1 and 
Mach 2.0. At Mach 1.1 the variable wedge is retracted to 
give greater cross-section area and the spill vent is 
opened to keep the shock outside the intake throat. At 
Mach 2.2 the shock has been admitted to the intake 
and the surplus flow is spilled over the cowl lip and the 
spill vent. 


the by-pass, then the engine weight plus fuel 
weight would be greater than that of the by-pass. 
The aircraft would, in fact, be “over-engined.” 


Engineering Problems and Materials 


Having regard to the time scale involved, the 
mechanical engineering problems of a supersonic 
transport engine are not of a different order from 
those in a modern subsonic engine. Nor are the 
problems significantly more serious for Mach 2.8 
than for Mach 2.2. At cruise, the temperature of 
the air entering the engine is 302°F at Mach 2.2 
and 536°F at Mach 2.8. Owing to the latter 
engine having a lower compression ratio than the 
former, the compressor delivery temperatures are 
not very different in the two cases. This is impor- 
tant, because it is compressor delivery air which 
washes over a large part of the engine carcase, 
turbine discs, etc., and determines the operating 
temperatures of those components. Furthermore, 
the cruise compressor delivery temperature of a 
supersonic transport engine is not very much 
higher than the hot-day takeoff compressor 
delivery temperature of some modern high- 
compression subsonic engines. The measure of 
the development required is in the length of the 
heat soak at these temperatures. 

In general, engineering materials will not be 
very different from those we employ today. For 
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a Mach 2.2 engine, compressor blading would 
change through titanium in the early stages to 
steel at the rear of the compressor. Casings would 
be in magnesium at the front, changing to steel 
at the rear, while compressor discs and shafts 
would be in steel. Hot-end casings would be in 
nickel alloy, as would the turbine discs. A Mach 
2.8 engine would be generally similar, except for 
the deletion of aluminium and magnesium at the 
front end of the compressor and the moving 
forward of the titanium and steel. 

Turbine blade material requires a_ special 
mention. Rolls-Royce has close on half a million 
hours of military and civil operation of air-cooled 
blading and, using air cooling techniques, it is 
considered that a satisfactory civil blade life can 
be obtained with a forged alloy which we would 
expect to be available in production quantities 
in 1965. 

While molybdenum and niobium are theoreti- 
cally attractive from the point of view of reduction 
or deletion of the air cooling, we do not think that 
these materials will be available in a suitable 
high temperature oxidation resistant form for a 
civil engine blade life on the necessary time scale. 


Intakes 


An efficient intake is essential for a supersonic 
transport, having regard to the fact that at cruise 
the compression ratio in the intake will be 
appreciably greater than that in the engine 
compressor. If the best possible matching is to be 
obtained at cruise, the intake throat area so 
defined will be too small for takeoff and subsonic 
flight and, therefore, it follows that the intake 
must be variable. 


Three types of intake are possible: 


1. External compression 
2. External-internal compression 
3. Internal compression 


Of these, the internal compression type re- 
quires a great deal more research and it is doubtful 
if it can be considered on the time scale of a first 
generation supersonic transport. The state of the 
art on the other two types is fairly well advanced 
and either could be used. However, up-to-date 
test data shows the external-internal compression 
type to have the better overall efficiency, par- 
ticularly at the higher flight Mach numbers and it 
seems likely that this will be the chosen type. 

Fig. 2. shows an intake of this type intended 
for a semi-buried under-wing installation. The 
intake is of rectangular section at its entry, 
changing to circular at the engine face. The 
variable features consist of movable ramps to 
vary the throat area and a variable spill vent in 
the subsonic diffuser. 

At takeoff and in subsonic flight, the ramps 
are flat, so that the throat area becomes equal to 
the catchment area. As flight Mach number is 
increased above 1.0, the ramps operate to reduce 
the throat area. At low supersonic speeds, the 
shock system is external but, at a predetermined 
Mach number, the ramp schedule admits the 
shock system into the intake. As flight speed 
increases, the throat area continues to reduce 
until the cruise area is reached at cruise speed. 

It is a feature of the external-internal shock 
system that it is aerodynamically unstable and, 
therefore, a control is required to keep the normal 
shock in its correct position near the intake throat. 
This is achieved by the spill vent which is operated 
by signals from two pressure pickups which 
straddle the normal shock. 


The airflow at various Mach numbers differs 
from the airflow at the Mach 2.2 design point, 
and there is a substantial surplus of flow at the 
lower supersonic flight speeds. This surplus flow 
has to be spilled and gives rise to a spillage drag 
which can be substantial in the transonic region. 
The intake diagrams show the method of spillage, 
some going over the cowl lip and some leaving 
the intake via the spill vent (Fig. 3). 


Propulsion Nozzles 


To achieve the best performance in all phases 
of the flight plan, it is desirable that the propulsion 
nozzle of a supersonic transport engine should be 
variable. This can be used to give the most ad- 
vantageous working at climb, cruise and low- 
thrust stand-off. 

Hitherto, jet transports have tended to employ 
simple convergent nozzles, these being quite ade- 
quate for the low nozzle pressure ratios involved. 
At cruise, the pressure ratio across the nozzles of 
a supersonic transport will be very high, anything 
from 15 to 30, depending on engine character- 
istics and flight speed, and a more efficient form 
of nozzle is essential. 

The simplest form of such a nozzle is the 
classical convergent-divergent type. Although the 
simple con-di has a high efficiency at its high 
design-point expansion ratio, the efficiency falls 
off rapidly as the pressure ratio is reduced, until 
a point is reached at which violent aerodynamic 
instability can occur. Thus, if a con-di is to be 
used, it must be made variable so that its throat/ 
exit area ratio can be matched to varying expan- 
sion ratio over the flight plan. 

It has been found that, with all known types of 
nozzles, the interaction between the jet and the 
supersonic external airflow can give rise to sig- 
nificant losses of thrust or equivalent increases in 
drag in the low sonic speed range. The reason for 
this is that at the design condition the expanding 
gases occupy a much larger cross-section area 
than they do at lower speeds. In consequence, 
the rear end of the power plant presents a design 
problem in the transonic flight phase, and it 
cannot be claimed that an entirely satisfactory 
solution has yet been achieved. 


Safety 


The design of an engine for a supersonic trans- 
port does not involve any radically new features 
which would affect aircraft safety to a greater 
extent than with existing subsonic transports. 

Probably the most novel feature is the variable 
intake, but the engineering involved in this piece 
of equipment is not different in kind from that 
of the rest of the aircraft and there is no reason to 
believe that its structural and functional integrity 
cannot be made to the same standard as the 
airframe and engine. 


Cost 


The cost of a supersonic transport engine is 
naturally of considerable interest to the commer- 
cial operator. Rolls-Royce has made detailed 
costing studies which have shown that an engine 
for a supersonic transport need cost no more per 
pound of thrust than its familiar subsonic counter- 
part. 

However, the operator should bear in mind 
that his supersonic transport may require some- 
thing like twice as many pounds of thrust as his 
present long-range subsonic aircraft and that, in 
addition, he will require a variable intake and a 
variable propulsion nozzle. + 
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New Tasks C 


I, was hardly to be hoped that the 22nd SBAC 
Show at Farnborough would provide comprehen- 
sive information about the problems lying ahead 
of the British aviation industry. Nor, given the 
competition for the European NATO market, 
would it have been reasonable to expect the 
British airframe constructors to lay their cards 
on the table. Nevertheless, seeing that at this 
year’s Paris Salon the British industry’s European 
and American competitors made no secret of their 
intentions in Europe, one might have expected 
more tangible indications of the British Industry’s 
NATO plans, at least from the two leading 
groups—Hawker Siddeley Aviation and British 
Aircraft Corporation. Their silence is all the 
more remarkable as the engine manufacturers 
for their part seem to have abandoned much of 
their reserve. The absence of the Hawker P.1127 
VTOL research aircraft was generally regretted; 
although its flight test programme has not yet 
reached the transition stage, even to» put it on 
show in the static park would have given quite 
a different air to the display, with its international 
visitors. 

As is revealed by our survey of NATO aircraft 
projects on page 1343, the British engine industry 
can face the future without too much anxiety, 
since most of the aircraft planned by NATO are 
based on British jet engines. So far so good. But 
how the British airframe industry will stand in 
1965 cannot be easily predicted on the strength 
of what could be learnt at Farnborough. 


A major proportion of the BAC effort and of that 
of numerous equipment manufacturers is concen- 
trated on bringing into being the TSR.2 super- 
sonic strike and reconnaissance aircraft, a versa- 
tile and comprehensively planned weapons 


system which, together with the V-bombers, will 
certainly form the backbone of the RAF for 
years ahead. But, as already mentioned, there 
are still outstanding questions... 


Although limited credits are still available for 
continuing the programme of tests on the Short 
SC.1 research aircraft, it seems that further 
development of this very promising prototype is 
practically at a standstill. Rolls-Royce, which 
made an important contribution to the realisation 
of the SC.1 project, showed a number of interest- 
ing aircraft models with separate lift and thrust 
engines, and thrust engines with swivelling 
nozzles on the jet deflector principle; Rolls- 
Royce’s confidence in the VTOL concept is 
growing. A development agreement with France 
and Germany gives Rolls-Royce good grounds 
for placing particular hopes on its latest lift jet 
engine, the RB.162, even if it has not yet finally 
emerged whether this ultra-light engine will be 
fitted in the strike and reconnaissance aircraft 
finally chosen by NATO or in the STOL trans- 
port to be selected. Similar optimism is to be 
found amongst the Bristol Siddeley executives, 
now that a complete range of turbojets with 
swivelling nozzles or with extra fans is becoming 
available. 


The Royal Air Force’s decision to buy 1,000 
French Nord AS.30 air-to-ground guided missiles, 
announced during the Farnborough Show, was 
somewhat surprising. The order is reported to 
amount to some £4 million and, although official 
circles maintain that these rockets are merely 
for testing in various RAF aircraft, an order on 
this scale for foreign rockets is, in the light of 
former British procurement policy, to say the 
least, unusual. The Royal Navy, too, has recently 






acquired a trial series of over 100 American air- 
to-ground weapons, namely American Martin 
Bullpups, which are undergoing tests on the 
Scimitar, Buccaneer and Sea Vixen carrier aircraft. 
The agreement recently achieved between de 
Havilland and the French Matra company for 
cooperation in the rocket development field is a 
happy start. The two firms intend to offer NATO, 
for use as standard armament, an airborne rocket 
incorporating the Matra R.530 solid-propellant 
motor and the infra-red homing head of de 
Havilland’s Red Top. Similar cooperation with 
a continental partner, mooted for the further 
development of the BAC Blue Water short-range 
guided missile, has so far not materialized, 
apparently owing to the difficulty of agreeing on 
the nuclear warhead to be used. 


A prominent place at Farnborough was 
reserved for a prototype of the Blue Streak first 
stage for the projected European satellite carrier 
rocket; a notice stressed the fact that Great 
Britain, France, and Germany had agreed in 
principle on this rocket vehicle, equipped with 
Rolls-Royce rocket motors. The negotiations 
between these three countries, which are due to 
start in London at the end of the month, will 
certainly be followed very attentively by the 
British Industry, and should yield long hoped-for 
decisions about the future of Blue Streak. 


In passing, another point of some interest at 
Farnborough was the appearance of a strong 
delegation from the Iron Curtain countries, 
China included. The Soviet guests held a 
Press Conference at which they revealed some 
interest in the Vickers VC.10 long-haul jet air- 
liner, and the Soviet designer S.V. Ilyushin 
tellingly observed that the VC.10 could be used 


View of the static park. Front row, left to right: the Handley Page Dart Herald; the two-seat English Electric Lightning T.4; the Hunting Jet Provost TMk. 4; and two Folland 
Gnat Trainers. Back row, left to right: the Handley Page Victor B.2; the Avro 748; the de Havilland Comet 4C; and the Blackburn Buccaneer 1. In the centre is the Handley Page 


H.P.115 research aircraft, which made its first flight some three weeks ago at Farnborough. 
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Characterized by massive air intakes and large span is the B.2 version of the Handley Page Victor long- 
range bomber, fitted with four Rolls-Royce Conway R.Co.11 by-pass engines, each of 17,250 Ib thrust. 
The Victor is intended as the carrier vehicle for the Avro Blue Steel strategic missile, and series construc- 
tion of this aircraft may be expected to continue for five to six years. 


































According to the manufacturers of the Handley Page H.P.115, its delta wing (aspect ratio 0.925) is 
the slimmest in the world. This aircraft, developed on behalf of the British Air Ministry, is intended 
for research work on the slow flight characteristics of later supersonic airliners of similar configuration. 


for the series version will be built under licence by Rolls-Royce. 


The two-seat Folland Gnat Trainer has been selected by the RAF as the standard advanced trainer, but 
can also be used for combat missions. Ten aircraft, variously equipped, are at present undergoing tests. 
Deliveries to the RAF are due to start in March 1962. 





Pride of the BEAGLE family is the B.206 executive aircraft (five- to six-seat). This 
elegant aeroplane, powered by two Continental 10-470D six-cylinder opposed 
engines (each 260 h.p. at takeoff) has a maximum speed of 200 knots. The engines 
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The three-stage Jaguar research rocket is a joint development 
of the Weapons Research Establishment and the Royal Aircraft 
Establishment. It is designed for research into aerodynamic 
phenomena at supersonic speeds. 





The three-seat Beagle Mk.Eleven close reconnaissance aircraft 
(one 10-470 Rolls-Royce Continental engine of 260 h.p.) gave 
an impressive demonstration of its STOL characteristics. At 
full takeoff weight and without headwind, this aircraft can 
operate with a takeoff distance of 92 yards. 


by the Polish airline LOT. As is well known, this 
airline intends in the near future to start North 
Atlantic operations to and from the USA. The 
Chinese smiled inscrutably. 

In the civil sector, this year’s SBAC Display 

was marked by an inevitable gap pending the 

vailability of the de Havilland 121 Trident, the 
Vickers VC.10 and the BAC One-Eleven, a gap 
which was bridged by emphasis on the twin- 
engined Avro 748 turboprop transport, the 
Handley Page Dart Herald and, last but not least, 
the début of a series of sports and touring aircraft 
by BEAGLE. 

The equipment industry came to Farnborough 
with many interesting developments, and it may 
well be in this field that we shall first see the 
development of closer relations between the 
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British manufacturers and their opposite numbers 
on the continent. The American producers, for 
their part, are not only competing more and more 
with their British counterparts but are endeavour- 
ing to acquire control of competing concerns in 
Great Britain. The Board of A.C. Cossor Ltd. 
has announced its readiness to accept an offer 
from the Raytheon Company to acquire a 
majority holding in Cossor. Although the 
Raytheon offer has not yet been submitted to 
Cossor shareholders, there appear to be no 
serious difficulties in the way of this intended 
transaction. 


Farnborough— 
Pointers to the Future 


During the Farnborough Show last year the 
comment was made that 1960 could not be 
described as a “‘vintage’’ year. A superficial critic 
might be tempted to make the same observation 
on Farnborough 1961 on the grounds that only 
two new aircraft were on display and only one of 
these was of commercial interest. 

The new aircraft in question were the Handley 
Page H.P.115 delta-winged research aircraft and 
the Beagle B.206 light twin executive. The former, 
by its nature, possesses no attractions for poten- 
tial customers, while exactly the reverse is the 
case with the latter. Together, the two aircraft 
provide an excellent keynote to this year’s Show; 
the research aircraft as an indication of future 
programmes and the Beagle as a vigorous effort 
to enter the field of general aviation. 

The H.P.115 constructed by Handley Page and 
operated by the Aero Flight, R.A.E. Bedford, is 
a small delta-winged aircraft with a leading edge 
sweep of 74 degrees. It is powered by a Bristol 
Siddeley Viper turbojet and, as indicated by the 
fixed undercarriage, it is intended for low-speed 
research into the characteristics of this plan-form. 

Many references were made during the show 
to the H.P.115 as a research vehicle for special 
studies in relation to the supersonic transport. 
This may be the case, and the continuation con- 
tract recently awarded by the Government to the 
British Aircraft Corporation for supersonic 
studies, together with the work being carried out 
in Bristol on the T.188 high speed research air- 
craft, points to continued efforts towards the 
supersonic transport. The plan-form of the H.P. 
115 however is also reminiscent of certain military 
supersonic VTOL designs which have been pre- 
pared by several constructors throughout the 
world, and it is feasible that this may be another 
purpose of the aircraft. 

This aircraft is a “one-off” model, and while 
production of the Victor B.2 V-bomber will 
continue for several years, much of the activity at 
Handley Page is now devoted to the transport 
field. It was announced during the show that the 
company has laid down a second production line 
of 25 Heralds, an indication of the confidence that 
is felt in the future of this turboprop feeder liner. 
Also on display was a model of the military 
version of the Herald with rear-loading doors, 
which as a STOL transport can carry 52 fully 
equipped troops, and a model of the H.P.R.8, a 
car-ferry aircraft. These models on the Handley 
Page stand indicate the policy which this ex- 
tremely independent company is following. 

The Beagle display, in the static park and in 
the flying programme, was such that Farnborough 
1961 merits the title “‘Beagle Year.” The first 
remarkable feature of this exhibit is that the 
company has been in existence less than a year 
and yet was able to present four aircraft in the 
flying display and two further projects in model 
form.: This rapid emergence is illustrative of the 
all-out effort which the company is making to 
develop the construction and sale of light and 
executive aircraft in Great Britain. 



















Fast fly-past of the prototype of the Westland Rotodyne, powered by two Napier Eland turboprop engines 
(each 2,800 s.h.p.). The noise problem must still be troubleseome, as Westland did not demonstrate 
vertical takeoff during which the rotor-tip jets are in action. 





The Westland Wessex J (one Napier 
Gazelle of 1,450 s.h.p. takeoff 
rating) is in series construction for 
the Royal Navy, which intends to 
use it primarily for anti-submarine 
duties. 





Westland has received orders from 
the RAF and the Ghanaian Govern- 
ment for the Gnome Whirlwind. The 
Whirlwind, powered by a_ de 
Havilland Gnome turbine engine 
(maximum shaft horsepower 1,050 
h.p.), can carry eight to ten people 
at a speed of 90—110 m.p.h. 
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The Westland Belvedere tan- 
dem-rotor helicopter, fitted 
with two Napier Gazelle turbo- 
shafts (each 1,650 s.h.p. take- 
off rating). During the air dis- 
play, mock tactical operations 
were staged in which the Belve- 
dere demonstrated its versa- 
tility as a troop and load 
carrier. 



















































An Avro Vulcan B.2 approaches slowly, prior to climbing steeply skywards a few seconds later with the full thrust of its four 
Olympus engines leaving behind a dark trail of smoke. This aircraft is at present being used as a flying testbed and is fitted 
with two Bristol Siddeley Olympus 201 engines, each of 17,000 lb thrust, and two Olympus 301, each of 20,000 Ib thrust. 
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Slow flying by the Blackburn Buccaneer carrier-borne 
low attack aircraft (two de Havilland Gyron Junior 
D.G.O.1 engines, each of 7,000 Ib thrust). The air 
brakes can be seen at the rear of the fuselage, also the 


arrester hook and the open bomb bay. 


The Avro 748 feeder liner in 
single-engined flight. There are 
24 firm orders to date for this 
low-wing monoplane, which is 
powered by two Rolls-Royce 
Dart turboprop engines. The 
first aeroplanes are to start 


route service in 
future. 
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miration. 


Rear loading-door open, an 
Armstrong Whitworth*“‘beaver- 
tail” AW.660 Argosy demon- 
strates its adaptability for 
releasing heavy loads during 
flight. The RAF has ordered 
56 aircraft of this type. The 
AW.650 civil version has been 
in service for eight months 
with Riddle Airlines, who 
ordered seven; a further three 


the near 


known as the “Flying Tigers” 
after their crest—was the first 






Squadron RAF 
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to be equipped with the a 
English Electric Lightning 4 
F.Mk.1 Mach 2 single seater 
interceptor. The precision of 
the ambitious flying pro- 
gramme aroused general ad- 


The range of Beagle aircraft on display at the 
show was led by the B.206, a five-seat low-wing 
twin-engined aircraft, powered by two 260 h.p. 
Continental engines built under licence by Rolls- 
Royce. The company is planning a production run 
of 250 aircraft of this type. The Beagle Terrier is 
a three-seat conversion of the Auster AOP.6 
powered by a Gypsy Major engine, while the 
Beagle Airedale, already shown in Paris, powered 
by a 175 h.p. Rolls-Royce Continental engine, is a 
high wing four-seater. The Beagle Auster Mk.11 
is a development of the Auster AOP.6, fitted 
with a 260 h.p. Rolls-Royce Continental engine, 
and is soon to be evaluated for the Army. Dis- 
played in model form were the Beagle M.117,a 
low-wing, single-engined aircraft, and the larger 
twin-engined Beagle M.218. Both these aircraft 
will be available with either 100 h.p. or 145 h. p. 
Rolls-Royce Continental engines. This range of 


are to go to BEA. 
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No. 92 Squadron RAF follow- 
ed worthily in the footsteps of 
the famous 111 Squadron 
(“Treble One’), and presented 
a difficult formation flight pro- 
gramme with great precision, 
using their gleaming dark-blue 
Hunters. Illustrated is the 
“Diamond 16” formation. 


The BEAGLE Airedale four- 
seater executive and touring 
aircraft with a Lycoming O-360 
180 h.p. opposed engine. The 
Airedale appeared in April of 
this year and was the first 
model to be manufactured by 
the concern, which was estab- 
lished on October 7th, 1960. 


aircraft marks a welcome reappearance of the 
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British Industry in a field which has been long 
neglected and which is rapidly developing in 
importance. 

The civil version of the Armstrong Whitworth 
Argosy freighter was absent from the show, its 
place being taken in the flying display by the 
military AW.660 version with beaver-tail loading 
doors. A further development of the Argosy is 
scheduled to fly in 1963; this is equipped with a 
box-spar wing permitting an increase in payload. 

Short Brothers & Harland presented models and 
details of a general purpose military transport 
at Farnborough. This is the Skyvan 2, equipped 
with two Turboméca Astazou II turboprops. The 
aircraft is developed from the Skyvan J, which will 
fly in 1962. It has the same dimensions as the 
piston-engined aircraft but offers considerably 
increased payload and range. Gross weight of the 
aircraft is 11,500 lb and the maximum payload 
4,500 Ib. 

Three variants of the SC.5 Belfast freighter 
were also announced by Short’s during the 
show. The three versions are the SC.5/10, SC. 5/20 
and SC.5/31. The SC.5/10 is at present in pro- 
duction for RAF Transport Command and has 
a gross weight of 220,500 Ib. The SC.5/20 is de- 
signed for paratroop landing and heavy parachute 
supply dropping and has the same gross weight 
as the SC.5/10. The civil SC.5/31 version has a 
double-deck configuration and is offered as a 
passenger and freight transport. The lower deck 
would accommodate 60,000 lb of freight, and the 
top deck could accommodate 141 passengers. All- 
up weight of the aircraft would be 294,000 Ib and 
the maximum cruising speed 336 knots. 

Three new jet transport aircraft types are at 
present under construction in Great Britain. The 
largest of these, the Vickers VC.10, was a subject 
of interest for many delegations visiting Farn- 
borough. During the show it was announced that 
the Ministry of Aviation had placed a £10 million 
order with Vickers for five VC.10s for RAF 
Transport Command, bringing current orders up 
to 57 aircraft. Vickers is also working on 
the BAC One-Eleven medium-haul jet with two 
rear-mounted Rolls-Royce Spey engines, which is 
designed to be a jet replacement for the Viscount. 

From de Havilland came news that the first 
DH.121 Trident had left the assembly line and 
was undergoing engine running trials. It now 
appears probable that the aircraft will fly before 
the end of the year, and the second production 
aircraft is due to be rolled out in the near future. 

Development of the Avro 748 turboprop feeder 
liner is continuing and details were made public 
of the 748 Super E. This version has a maximum 
weight of 43,000 lb and is powered by two Rolls- 
Royce Dart 10 engines giving a cruising speed of 
270 knots. Design work is also being carried out 
on the Avro 758, a rear-loading military version 
of the civil aircraft. 

Although it is described as an executive aircraft 

and not a civil transport, the de Havilland 
D.H.125 must be mentioned in reviewing forth- 
coming aircraft production. An announcement 
was made during the show that de Havilland 
Aircraft Co., had given Bristol Siddeley Engines 
Ltd. a £1 million contract for sixty Viper 2 
turbojet engines to equip an initial batch of thirty 
D.H.125 aircraft. Interest has been expressed by 
the Services in the D.H.125 as a navigational and 
procedure trainer. The first aircraft is expected to 
Start flight testing in 1962, and deliveries will start 
in early 1963. 
_ A particular feature of the Farnborough Show 
is the steady increase year by year in the number 
of exhibitors from the electronics and equipment 
industries. Each year the suppliers of equipment 
and systems for aircraft, ground handling, air 
traffic control, communications, etc., to quote 
but a few examples, achieve a steadily increasing 
turnover in sales both at home and for export. 

This year there were few examples of equipment 
that were completely new or on display for the 
first time, and the accent was more on development 
and improvement. More detailed reports on the 
trends and developments in the electronic field 
will be featured in forthcoming issues. 

In retrospect, it may be right to say that Farn- 
borough 1961 was not a “vintage” year. The 
emphasis was on consolidation rather than 
novelty. With many new projects about to make 
their public appearance, it is obvious that 1962 
will present a vastly different picture. + 
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Modelling the Future 


The first public showing: an Avro Vulcan model with >» 


two Douglas Skybolt ballistic air-to-ground missiles. In 
front is a model of the inertially guided Avro Blue Steel. 
V-bombers will form the mainstay of the British deterrent 
forces for several years to come. 


Short Brothers & Harland showed a model of the turbo- 
prop version of their Skyvan I] general purpose freighter. 
The aircraft is propelled by two Turboméca Astazou I] 
engines, each of 600 s.h.p., which would be manufactured 
by Blackburn Engines, under licence from Turboméca. 





Much attention was given to three models of aircraft on 
the Rolls-Royce stand. Top: a military transport for a 
payload of 20,000—30,000 Ib. There are 32 to 40 engines, 
each of 4,750 Ib thrust in, two wing nacelles and the pro- 
pulsion is provided by 4 turbojets, whose exhaust 
is deflected downwards during the hovering phase. 
Right: a supersonic single-seater fighter with 4 lift-jet 
engines, each of 6,000 lb thrust, and one by-pass engine 
of 11,000 Ib thrust. A second suggestion for a fighter air- 
craft is illustrated upper right: two lift engines in front 
of and behind the central weapons bay plus two jet 
engines with thrust deflectors in the fuselage. 








Handley Page has developed a tactical transport with 
rear loading doors from the Dart Herald, which could 
carry 52 fully equipped soldiers. A prototype of this 
model could be completed by next spring, provided 
Government aid were forthcoming. 


The Westland SR-N3 hovercraft can carry a 
payload of 15 tons. The SR-N3, which is 
fitted with four Blackburn Nimbus shaft tur- 
bines, can travel at speeds up to 80 kts. The 
design is based on the SR-N2 which is to start 
flight tests within a few months’ time. 
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Mock-up of the Rolls- 
Royce Conway R.Co.42/1 
by-pass engine. This version 
(takeoff thrust 20,370 Ib) is 
being provided for the 
Vickers VC.10 civil aircraft, 
whereas the VC.10 military 
aircraft and the Super VC.10 
will be fitted with four 


R.Co.42/3 (takeoff thrust 
21,825 Ib). 
The Rolls-Royce RB.145 


lightweight turbojet can be 
installed to swivel and can 
therefore be used to produce 
lift as well as propulsion. 
Takeoff thrust dry, 2,750 Ib; 
with reheat 3,750 Ib. Thrust- 
weight ratio 9: 1. 


























The de Havilland Blue Streak, proposed as the first 
stage of a European carrier vehicle, is propelled by 
two Rolls-Royce RZ.2 liquid fuel rocket engines. At 
sea-level, the RZ.2 produces a thrust of 137,000 Ib 
and is to be increased to 150,000 Ib. Kerosine and 
liquid oxygen are the fuels. 


In November 1960, Rolls-Royce obtained licence 
rights for the construction and world-wide distri- 
bution of the Continental Motors Corporation piston 
engines. Illustrated here is the air-cooled GIO-470-A 
six-cylinder horizontally opposed engine with direct 
fuel injection. Takeoff rating 310 h.p. 


The Rolls-Royce Spey RB. 
163/1 by-pass engine—take- 
off thrust 9,850 Ib, dry 
weight 2,200 Ib—will be 
used to power the BAC One- 
Eleven and the de Havilland 
Trident airliners. The more 
powerful military version 
RB.168 is being developed 
for the second generation of 
the Blackburn Buccaneer 
naval strike aircraft. 








< A model of the installation of jet lift engines (in 


this case, two Rolls-Royce RB.108s) in the 
fuselage or in a separate nacelle in VTOL aircraft. 
The retractable cascade improves intake efficiency 
in forward flight. When the lift engines are closed 
down, the inlets and jet exhaust nozzles are faired 
over by the doors. 


A surprise at the de Havilland Engine Company 
stand; the storable Spartan J liquid fuel rocket 
engine has been offered as propellant unit for 
air-to-air and air-to-ground missiles or as an 
auxiliary booster for take-off. The design is based 
to a large extent on rocket engines of the Thiokol 
Chemical Company, with whom the British manu- 
facturers have recently concluded a_ technical 


collaboration agreement. 
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Engines are 


The branch of the British aviation industry which has 
suffered the least from the vacillating defence policy of 
the British Government is undoubtedly the engine indus- 
try. The range of engines which the manufacturers can 
offer today comprises piston engines for sports and tour- 
ing aircraft, all categories and performance classes of 
turbine engines, and liquid rocket motors for satellite 
carrier vehicles. The copiously filled stands of the exhi- 
bitors—our photos can give no more than a selection— 
left no doubt that the British producers intend to main- 
tain their position on the international market. A short 
tour of the exhibition hall was sufficient to show the 
development trends which currently dominate the scene, 
and which will also remain characteristic of the British 
industry for the next few years: 

@ Creation of a complete series of lift and lift/thrust jet 
engines for VTOL and STOL aircraft. 

@ Uprating proven existing types with a view to higher 
output and longer life. 

@ Production of liquid rocket motors for guided missiles 
and space vehicles, in some cases with technical aid 
from American concerns. 

It is not surprising that the two giants of the industry, 
namely Bristol Siddeley and Rolls-Royce, are urging on 
the development of lift jet engines as hard as they can; 
the VTOL aircraft for which NATO specifications have 
been issued would alone provide a market for many 
thousands. Whilst flight-testing of the BS.53 (15,000 Ib 
thrust), installed in the Hawker P.1127 VTOL aircraft, is 
progressing, Bristol Siddeley is at work on a further 
development. This is the BS.100, which has pre-heat of 
the secondary air-flow, is planned for about 36,000 Ib 
thrust, and has supersonic capabilities. Bristol Siddeley 
also puts great hopes on the BS.75, a by-pass engine with 
a high by-pass ratio (1.75:1) and is the powerplant on 
which the BAC 107 short-haul transport project is based. 
Military circles are also said to be very interested in the 
BS.75. Its thrust is to be raised from the former level of 
7,500 Ib to 8,800 Ib. A derivative of the BS.75 is the BS.94, 
at present in preparation; like the BS.53, this engine has 





swivelling exhaust nozzles and is designed for about 
8,300 Ib thrust. At the same time, the development of 
several ducted fan lift engines is being urged forward, 
these being provisionally designated BS.59. The BS.59/7 
version with 8,000 Ib thrust and the BS.59/9 version with 
about 3,000 Ib thrust are already wellknown. 

Based on its experience with the RB.108, Rolls-Royce 
is pursuing the development of ultra-light lift engines. 
Besides the RB.108 and the RB.145 (both with a thrust/ 
weight ratio of 8:1), Rolls-Royce also offers the RB.162, 
in the development of which Germany and France are 
participating. The RB.162 is characterized by a very high 
thrust/weight ratio, namely 16:1, and is intended for 
various purposes, including the production model of the 
VJ.101 VTOL aircraft (Entwicklungsring Siid) and the 
Mirage V (Dassault). The series should continue in the 
direction of higher thrust. Rolls-Royce has, for instance, 
already started experiments with a lift fan and these could 
lead to a ducted fan lift engine of some 6,000 Ib thrust. 
Rolls-Royce also exhibited a jet deflector nozzle which 
works on the same principle as the thrust reversal devices 
in the Conway. With the aid of this nozzle, ‘normal "single 
flow and by-pass engines can be used to give lift. 

But the efforts devoted to VTOL engines are not at the 
expense of “traditional” developments. De Havilland 
recently ordered 60 BS Viper 520s (3,620 |b thrust) for a 
first production run of 30 DH.125 executive aircraft. The 
Avro Vulcan B2, which will continue to be built for years 
ahead, is fitted with O/ympus engines of the 300 series, 
and its supersonic version (33,000 Ib thrust with after- 


<a 





























































a- Wee 


ac a 








the Mainstay 


burner), whilst planned as powerplant for the TSR.2 
tactical strike/reconnaissance aircraft, could also serve 
as the starting-point for a civil Mach 2 engine. 

The main effort involved in the Rolls-Royce produc- 
tion programme is the Conway by-pass engine (powering 
the Vickers VC.10 and Super VC.10, and the Handley Page 
Victor B.2) and the Spey by-pass engine (which powers 
the BAC One-Eleven, the de Havilland Trident, and the 
Blackburn Buccaneer 2), as well as the Dart turboprop 
(Avro 748, Handley Page Dart Herald, and Fokker F.27). 
Another Rolls-Royce activity is licence production of 
Continental piston-engines, which should bring Rolls- 
Royce a worthwhile additional profit. 

More British concerns are entering the liquid-propellant 
rocket field. Bristol Siddeley (with the Stentor, Gamma and 
PR.37) and Rolls-Royce (with the RZ.1 and RZ.2) have 
now been joined by de Havilland Engines, which recently 
concluded an agreement with Thiokol providing for close 
technical cooperation and, as its first design, presented 
the Spartan 1. De Havilland has registered export succes- 
ses with the Gnome turbo-engine, the H.1200 (1,250 h.p.) 
version of which has been ordered by Sweden for the 
Boeing-Vertol 107, as well as by Agusta for the Agusta- 
Bell 204B. The coupled Gnome will power the Army's 
Westland Wessex 2 helicopter. The P.1000 turboprop ver- 
sion is still awaiting buyers. 

Napier Aero Engines is now offering the Gazelle for 
horizontal installation, and pushing forward with the 513, 
514, and 518 series into the 2,000 h.p. class. There is no 
doubt that Great Britain will do its very utmost to be 
represented by this engine, at least, in the European 
NATO helicopter construction programme. 

Among the novelties to be found at this Farnborough 
were the Rover TP.90 turboprop (120 h.p. takeoff rating) 
and the Turboméca Astazou //; the latter would, when the 
occasion arises (e.g. for the Short Skyvan 2), be built by 
Blackburn under Turboméca licences. 

Taking it all round, it is fair to say that, at the present 
juncture, the British engine industry need have no serious 
qualms about the future. + 





The de Havilland coupled Gnome (two Gnome H.1200s) 
gives 2,500 shaft horsepower and is to be used to power 
the Westland Wessex Mk.2 helicopter, ordered in large 
numbers by the RAF. 


A glance at the Bristol 
Siddeley Engines Ltd. stand. 
Right: the BS.53 Pegasus 
ducted fan engine with 
swivelling nozzles. The BS.53 
develops a thrust of 15,000 
lb and is used to power the 
single-seat P.1127 Hawker 
VTOL aircraft (seen in 
model form on the left). The 
pictures show several appli- 
cations of the Pegasus in 
VTOL fighters and trans- 
ports. In the background is 
an Olympus (300 series) of 
approximately 33,000 Ib 
thrust with afterburner. A 
further development of this 
engine will power the TSR.2 
tactical strike/reconnaissance 
aircraft. 


Napier Aero Engines Ltd., 
recently established by Rolls- 
Royce and D. Napier & Son, 
showed a Gazelle 512 heli- 
copter engine. This most 
recent version was developed 
for horizontal installation, 
and therefore has axial 
exhaust nozzles which give 
added propulsion. Maximum 
shaft horsepower—1,750 
s.h.p. Two more powerful 
versions of 1,925-2,000 
s.h.p. are in preparation. 


Bristol Siddeley showed publicly for the first time the 
latest Mk.301 version of the Gamma rocket engine which 
powers the Saunders-Roe Black Knight re-entry vehicle. 
The combustion chambers have been developed from the 
small Stentor combustion chamber (see picture above). 
























Combustion chambers of Bristol Siddeley 
Engines Co. liquid fuel rockets. Left: the two 
combustion chambers of the Stentor rocket 
engine. Top right: a new development designated 
PR.37 giving a thrust of 170 lb, which is to be 
used as an altitude booster for the Jindivick target 
drone. Bottom right: a test combustion chamber. 
In all of these, fuel is kerosine and hydrogen 
peroxide. 


The Stentor has two combustion chambers, the larger of 
which provides four times as much thrust as the smaller. 
The Stentor is in production at the Coventry factory for 
the Avro Blue Steel. 


INTERAVIA 10/1961 1395 











“Omens” from Farnborough 1961: a mockup of the de Havilland Blue Streak. 
Originally conceived as a strategic missile, it is now undergoing further 
development as a first-stage carrier vehicle in connection with a European 
space research programme. 


A.E.C. Ltd. has developed a road transporter for Avro’s Blue Steel stand-off 
bomb, with two hydraulically operated lifting arms and M.L. Aviation has 
developed a transportable lifting trolley which enables the missile to be loaded 
into the carrier aircraft (Vulcan or Victor). 
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No New Missiles on Show 





The Bristol/Ferranti Bloodhound Mk.1 anti-aircraft missile has been in service with the 
RAF for three years. There have been considerable orders from the RAF and the Swedish 
Air Force for the more highly-developed Mk.2 version with CW-radar, more powerful 
ramjet engines and an improved airborne computer. The Swiss Federal Council has also 
recommended the purchase of the weapon. In the left of the picture is the Sting Ray 
target-illuminating radar produced by AEI. 





The Malkara heavy anti-tank missile mounted on the transporter-launcher vehicle was 
shown for the first time by Wharton Engineering. The Ma/kara launcher can be dropped 
by parachute from the Argosy AW.660, and has been ordered by the British Army. 


The Seaslug ship-to-air missile is a joint development by Armstrong Whit- 
worth Aircraft, Sperry Gyroscope, and General Electric, and has been under- 
going tests for more than a year on H.M.S. “Girdle Ness.”’. Official Admiralty 
reports state that a success ratio of 80 percent has been attained with targets 
flying at high speeds. A further development with longer range—Seas/ug 2—is 
also announced. This can be used against low-flying aircraft and as a ground- 


to-ground missile. 


Short showed some details of their Seacat naval anti-aircraft missile for use 
against low-flying aircraft. Visible from left to right are: nose-body with fuse, 
warhead, part of the fuselage with control system, steering mechanism, and 
lastly the two-stage solid motor at the end of which are the stabilizing surfaces 
(not visible). The Seacat is guided by radio control. 
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AVAILABLE THROUGHOUT THE WORLD~— The famous 
quality and engineering that have made Cannon Plugs the stand- 
ard of the industry are available anywhere in the world! Our plants in 


or environmental requirements — SHOCK LJ VIBRATION LJ TEMPERATURE CL) 

ALTITUDE (J MOISTURE CJ MINIATURIZATION...Wherever you are located, 

PPL | Europe, Asia, South America, Australia, your Cannon sales representative can 
provide engineering assistance and prompt delivery 

of electrical connectors to meet ARES 

A ENVIR NMENT your specifications. For further CANNON 
information write to: 

CANNON ELECTRIC (Great Britain) LTD., 168 Old Street, London EC 1, England @) PLU GS 


CANNON ELECTRIC INTERNATIONAL INC., Boomstraat 79, Bornem, Belgium ERE 


six countries and representatives and inventories in all major cities, pro- 





vide a direct source for electrical connectors. Whatever your application 


INTERAVIA 10/1961 1397 











INTERAVIA 10/1961 


READY NOW 





Knowmanship in Action 





Now in quantity production at Bendix is a Uni- 
versal Programmer-Comparator designed for auto- 
matic Go, No-Go, checkout of all types of air, land, 
sea, and space systems. Readily adaptable to elec- 
tronic, hydraulic, mechanical, and pneumatic sys- 
tems, it is tape controlled and has system logic 
capability for selecting hundreds of stimuli control 
channels and thousands of test points as required. 





... BENDIX 
YSTEMS 





ADAPTABLE T0 


DISTINCTIVE FEATURES OF THE TESTER ARE: 


1. Checkout time for complex systems is re- 
duced from hours to minutes. 2. Minimum 
skilled technicians can perform complete sys- 
tems checks with high accuracy. 3. Visual 
display and printed record of the test results 
are provided for the entire testing sequence. 
4. Applicable to in-plant manufacturing as 
well as to all levels of maintenance activity. 
5. Modular construction permits packaging for 
either fixed or mobile units. 




















UNIVERSAL TESTER REDUCES 
CHECKOUT TIME TO MINUTES 





TESTING ALL TYPES OF AIR, LAND, SEA, AND SPACE SYSTEMS 


The first application is the USAF’s Douglas-built 
Skybolt Missile. Built to Mil-P-26664A, and desig- 
nated AN/GJQ-9 by the USAF, the Universal 
Programmer-Comparator is available as Model 
PC-300 for commercial applications. 


This Universal Tester is the latest Bendix achieve- 
ment in the Support Equipment field and is another 
example of the engineering and production skills 
we have developed over a period of forty years. 
Whether the need is military or commercial, Bendix 
ean provide the answer that does the job best. 


TECHNICAL KNOWLEDGE + EXPERIENCED MANAGEMENT 
+ SPECIALIZED CRAFTSMANSHIP = KNOWMANSHIP 


For further information, write... 


“Send? hiternational 


DIVISION 





205 East 42nd Street, New York 17, N. Y., U.S.A. 


Cable Address: “Bendixint’, N. Y. 
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Gilfillan GCA Radar Systems 
stand ready in 38 countries... 
through 20 years of continuously 
up-dated capability 


LOS ANGELES 








PRIME CONTRACTORS FOR COMPLETE ELECTRONICS SYSTEMS 
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Gilfillan GCA is the only radar equip- 
ment in the USAF inventory that has 
not become obsolete since 1950. The 
$250,000,000 investment has been 
protected by foresighted design allow- 
ing progressive field modifications 
providing a 400% increase in radar 
coverage... bringing the 1950 GCA 
Radar up to 1960-70 performance 
capability. 


1942 Gilfillan develops (with Radiation Lab., 
M.I.T.) the first Ground Control Approach 
(GCA) Navigation Aid radar 


1943-44 ... produces and delivers GCA, the larg- 
est World War I! radar (22 tons) at low- 
est cost and ahead of schedule 


1946-47 ... develops 3-dimensional Azel radar 
display reducing operators from 5 to 2 


1948-50 . . . develops air-transportable AN/CPN-4 
GCA radar for Berlin Airlift and the 
Korean War 


1950-52... produces 300 AN/CPN-4’s as stand- 
ard GCA radar equipment for USAF, 
USN, USMC, U.S. Army and 38 countries 
in the free world 


1953-54 ... develops and produces Quadradar as 
lightweight one-man GCA for military 
and civil air bases in 24 nations 


1955-57 ... completes development of Automatic 
GCA providing automatic approach con- 
trol to 6 aircraft simultaneously 


1958 ...develops automatic voice GCA pro- 
viding computer precision talkdown with 
multi-lingual versatility 


1959 ...develops 3D Radar with longer 
range, greater accuracy, higher data 
rate than any previous 3D Radar 
development 


1959-60... produces AN/TPN-8 lightweight tac- 
tical GCA for U.S. Marine Corps 


1960 ...up-dates operational GCA equip- 
ments, increasing radar altitude cover- 
age from 12,000 to 42,000 feet and 
extending range coverage from 30 to 60 
nautical miles 


1960 ...develops Mobile Air Traffic Control 
radar for Marine Corps and Air Force 


1961 In these and classified fields, Gilfillan 
continues as prime contractor to all U.S. 
Military Agencies—in research, design, 
development, production and continuous 
field support 


Gilfillan 


LOS ANGELES 













FREEDOM 
OF THE 
AIR 

THE PASSENGER'S 
PRAYER 


The ferry didn’t 


ply. WHY? 


The old and trusted ferry between O and D failed. 
The propeller shaft had broken and the local people 
who daily relied on the ferry to and from work were 
now seriously handicapped. A new spare part had to 
come from afar and it was decided to fly in a replace- 
ment so that the ferry could quickly return to service 
without too much inconvenience to the local commu- 
nity. An airline was found that could handle the job 
immediately. At least, that’s what they thought, but 
they were soon proved wrong. The carrier was refused 
permission to execute the flight for competitive reasons. 


Nobody else, including the national carrier of that 
country, had the facilities or experience to undertake 
the shipment by air of the heavy shaft. Airline D 
protested, the ferry owners protested and, when the 
news reached them, the local workers protested. And 
while the argument lasted the ferry didn’t ply. 


A Publication by KLM Royal Dutch Airlines 
BESS ARIE EL TBE SS a: 
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BRISTOL/FERRANTI 





TO eRe 


BLOODHOUND MARK 2 | 
CHOSEN BY SWEDEN & SWITZERLAND 


BRISTOL AIRCRAFT LTD FILTON HOUSE BRISTOL A Company of 


BRITISH AIRCRAF 


ONE HUNDRED PALL MALL LONDON SW1 
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() ENTIRELY ON TECHNICAL MERIT 


In open competition with the best weapon 
systems available in the West, and strictly on 
technical and operational merit, the Bristol / 
Ferranti Bloodhound Mark 2 has been chosen 
by Sweden and Switzerland. This powerful, 
accurate and air-transportable weapon system 
has also been ordered by the Royal Air Force 


as the basis of Britain's anti-aircraft defence. 


Bloodhound Mark 2 is a second-generation 
missile system and is the logical development 
from Bloodhound Mark I. 


Bloodhound Mark 2 has: 
@ Long range 
@ High and low altitude coverage 


@ Extended performance in all aspects of 
anti-aircraft defence 

@ Latest anti-jamming techniques and the 
most advanced C.W. radar. (Supplied by 
Associated Electrical Industries Ltd., 
who will be responsible for all tracking 


and illumininatng radar for Switzerland) 


Bloodhound system management by 
Bristol Aircraft Ltd. Radars and 
electronics by A.E.I. Ltd. and Ferranti Ltd. 


BRISTOL/FERRANTI 


BLOODHOUND 


MARK 2 


ORPORATION 
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Welcome Aboard, 
Japan’s 
honoured guest! 


Kangei! Welcome on Board ! 


These words announce 

the exquisite Japanese hospitality 
which awaits the passenger 

throughout the world-wide network of 
JAPAN AIR LINES — 

operated exclusively 

by long-haul jets. 
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sells the products 
of the French aircraft industry to foreign customers 








4, RUE GALILEE PARIS XVI°. TELEPHONE KLEBER 89-10 TELEGRAMMES EXAERO PARIS 





RADIO-ALTIMETERS 


_ 


0 to 1000 feet o 70000 feet 


or mere" amma eee rae 
+2% above 50 feet 150 feet 
| 20 Ibs | 33 Ibs 


| 
$+ ee cee ee 
2 A at 27 volts D.C. 300 VA 
ROR Ar er Se gee 
| 25 semi-conductors 


1 tube, 30 semi-conductors 


a SN ——__-_-—- SSS 


Helicopter | Aircraft Aircraft 
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New directions for 


FOKKER-REPUBLIC 


When two such famous companies as Fokker and Republic 
join forces, the importance of the union cannot be gauged by 
merely adding together the vast resources each partner contri- 
butes: its real significance lies in the development programmes 
only made possible by such a marriage of strengths. 


Figures, however eloquent, can only tell part of the story. 
Yet it is against a background of figures that Fokker-Republic 
are mounting their massive development programme for V.T.O.L. 
...-With 21,000 employees incorporating 5,000 of the keenest 
scientific and technical brains on either side of the Atlantic, the 
most modern production resources in Europe and America and 
experience in building over 10,000 jet fighters in the past 12 years, 
Fokker-Republic are fully geared for whatever ‘‘new directions”’ 
aviation may take. 


Alongside advanced development of supersonic V.T.O.L. 
aircraft, Fokker-Republic are both engaged in the large-scale 
production of Mach 2 all-weather strike and reconnaissance air- 
craft to fulfil current NATO needs. As these needs change, so 
Fokker-Republic anticipate the changes, marshalling their 
wealth of resources and experience to supply new aircraft of 
maximum performance for the continued safeguard of the 
peoples and ideals of the Free World. 


V.T.O.L....S.T.0.L....wherever aviation takes on new 
directions, Fokker-Republic lead the field. 


FOKKER 
REPUBLIC 








ROYAL NETHERLANDS AIRCRAFT FACTORY, PROJECT DIVISION (V.T.O.L.) SCHIPOL, AMSTERDAM. 
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Now Available Throughout the Free World... 
THE WORLD’S BEST WEAPONS TRAINING SYSTEMS FROM DEL MAR 


Del Mar Engineering Laboratories (USA) has established a 
distributor network of the outstanding aircraft companies of the 
free world. These companies are now offering to their friendly 
neighbors the world’s best air-to-air and surface-to-air weapons 
training systems. 


Del Mar originated the low-mass, tow-target concept for aerial 
firing exercises and has been providing complete training systems 
to the air defense forces of the United States, Canada, and other 
NATO nations during the past decade. 


Today, Del Mar still provides the only complete, low-cost sys- 
tems that afford realistic training for the firing of both air-to-air 
and surface-to-air guns, rockets, or homing missiles. Available as 
a part of these Del Mar systems is a unique new miss-distance 
indicating subsystem —the only effective, passive miss-distance 
indicator today —which represents a major breakthrough in the 
state-of-the-art of proximity measuring equipment. 





For more information on these vital, low-cost weapons training 
systems, contact the Del Mar distributor covering your geographic 
area: 


Mitsubishi Shoji Kaisha, Ltd. (Tokyo, Japan) 
Japan, Formosa, S. Korea, Thailand, Burma and ° y) 
Pakistan W. Germany, Switzerland, Austria 

Fairey Engineering, Ltd. (Middlesex, Eng.) Swedish Air Services, Ltd. (Stockholm, Sweden) 
United Kingdom, Belgium, France, French North Sweden, Denmark, Norway, Finiand, Israel, Ethiopia 
Africa, Greece, Holland, Irish Republic, Italy, Fairey Aviation Co. of A lasia, Pty., Ltd. 
Iran, Jordan, Lebanon, Portugal, Rhodesia, Saudi (Sydney, Australia) 

Arabia, South Africa, Spain, Turkey Australia, New Zealand, Cambodia, India, 
Gensales, Ltd. (Toronto, Canada) Malaya, Philippines 

Canada 


Dornier-Werke, GmbH (Friedrichshafen, 
Rad W.6G . 








INTERNATIONAL AIRPORT 
LOS ANGELES 45, CALIF. 


€ sé 
“RING Laporato® 














OVER 10 YEARS OF PERFORMANCE-PROVED MILITARY SERVICE 


Externally mounted, Del Mar tow reels store 
up to 10 miles of wire tow line to insure safe 
distances between target and tow aircraft. 
The reels are easily attached and readily jet- 
tisonable as are all units of the system. Power 
for operating the reel drum is produced by 
the airstream passing over the controllable 
pitch turbine blades. 





Del Mar launchers are used to carry, eject, 
tow and recover targets in flight. A fail-safe 
latch keeps the target securely ‘‘locked"’ until 
launch. Damaged targets can be jettisoned by 
means of a squib actuated cable cutter. Var- 
ious configurations of launchers are available 
to conform to specific aircraft. 





The 100,000 Del Mar targets in the field pro- 
vide thousands of training exercises daily for 
air defense forces throughout the free world. 
These recoverable subsonic and supersonic 
tow targets, when equipped with flares, as- 
sure the safe homing of infrared missiles. 
They also provide visual augmentation de- 
vices and the only passive miss-distance- 
indicating subsystem. 























A Canberra 


refuels the next generation... 


the Blackburn Buccaneer 


Designed both for low-level strike and 
high-altitude sortie, the Buccaneer is the ideal 
general-purpose aircraft of the next generation. 
It successfully combines optimum performance 
with realistic cost. 

Role equipment — bombs, rockets, 
photo-reconnaissance cameras, etc. — 

can be interchanged quickly. 


HAWKER SIDDELEY AVIATION 


32, Duke Street, St. James's, London S.W.1. 








Equipme 
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Regional control radar 
at BORDEAUX-MERIGNAC 
TH. D. 225 


[THOMSON HOUSTON 





; 
i 


TH. D. 1013 
light approach radar 


THOMSON HOUSTON 


Equipment manufactured under contract to SERVICE TECHNIQUE DES TELECOMMUNICATIONS DE L’AIR 


IN THE SERVICE OF CIVIL AVIATION 


COMPAGNIE FRANCAISE THOMSON-HOUSTON — GROUPE ELECTRONIQUE — 173, Bd HAUSSMANN — PARIS 8¢e, Tel. ELY. 83-70 





Effective action from the 

air in ground combat oper- 
ations with HISPANO 
SUIZA, solid propellant 
aircraft rockets SURA, 
calibre 80 mm, with explosive 
head or hollow charge, for 
any suspension system. 
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A on FIAT plane G 91 
sta-t°F-] 


HISPANO SUIZA Aircraft Rocket 
Type R 80SURA 


Geneve 


(eT e-Tahdal- laa) 


on launcher HUNTER * 
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Rockets 
Missiles 


Space vehicles 


Explorer 12 Successful 


The Explorer 12 earth satellite (radiation 
research) was launched by American scientists 
from Cape Canaveral on August 15th, and went 
into orbit. The launch vehicle was a three-stage 
Thor-Delta. According to information released 
by NASA, the 83-lb satellite is circling the earth 
in an eccentric orbit (perigee 180 miles, apogee 
47,800 miles, inclination 33°) and it accordingly 
passes the two Van Allen belts in the course of 
each orbit. The orbital period is 26.4 hours and 
maximum speed some 23,500 m.p.h. Tracking 
stations on Ascension Island, near Johannesburg, 
and at Woomera, Santiago de Chile, and Lima, 
are receiving clear signals from the satellite on 
the 136 Mc/s frequency (transmission power 2 
watts), and during the first few weeks Explorer 12 
has already sent back more data than any satellite 
so far launched. Power supply is provided by 
5,600 solar cells on four paddles, and by 13 silver- 
cadmium batteries. Explorer 12 is intended for 
amplification of the data already established by 
Explorers 6, 7, and 10, Vanguard 3, and Pioneer 5, 
and its useful life is estimated at over one year. 


Launch of Ranger 1 


On August 23rd 1961, i.e. eight days after 
Explorer 12, NASA launched the first space 
vehicle in the Ranger series. Apart from the 
Mercury programme, these experiments represent 
NASA’s most important project (moon research). 
For this first attempt, a new carrier-vehicle 
combination was used, namely a first-stage Atlas 
with a second-stage Agena B. After launch from 
Cape Canaveral, the Ranger 1 (NASA experiment 
P-32) was supposed to reach a highly eccentric 
orbit with a perigee of about 37,700 miles and 
an apogee of about 687,000 miles, and an orbital 
period of some 58 days. Owing however to a 
defect in the ignition of the second-stage Agena B, 
the space vehicle failed to go into the orbit 
planned and, moreover, did not separate from 
the second-stage carrier-rocket. The two are now 
circling the earth at a considerably lower altitude 
than intended (100—312 miles; orbital period 91 
minutes). This being so, the satellite cannot be 
expected to carry out more than part of its set 
tasks. 

The main purpose of the launch of the Ranger | 
was the testing of equipment for lunar and inter- 
planetary research (cf. Interavia 1/1961, page 98) 
the most important of these being the stabilization 
system and devices for directing the solar cells 
towards the sun and one antenna towards the 
earth, as well as the data transmission equipment. 
The trial launch was also designed to test the 
behaviour of the vehicle’s components during a 
long sojourn in space as well as the efficiency of 
the solar cells. 

Particulars and sketches of the Ranger, which is 
later destined to be the first American space- 
vehicle to the moon, together with information 
about the scientific instrumentation and its func- 
tions, have already been published in the issue 
of Jnteravia quoted in the preceding paragraph. 
A few particulars can, however, now be added. 
In its cruise position, panels unfolded, the Ranger 


space vehicle is 17 ft wide and 13 ft long. Its 
gross weight is 675 lb, of which 243 Ib is accounted 
for by electronic packages, 144 lb by various 
scientific instruments, 50 lb by solar panels and 
238 lb by the structure of the airframe itself. The 
8,680 solar cells are mounted on two panels, each 
of ten square ft, and are expected to pick up 
enough solar energy to produce a minimum of 
150 watts and a maximum of 210 watts electrical 
power on conversion. According to information 
provided by NASA, a system is installed for 
orienting the solar cells in the direction of the sun. 
In the earth’s shadow, the satellite’s equipment 
is supplied with current by a silver-zinc battery 
with a capacity of 9,000 Wh. 

A mobile DCIF station for tracking the Ranger 
/ orbit, as well as fixed stations near Johannes- 
burg, Woomera, and Goldstone, are receiving 
loud and clear signals for up to 13 hours at a 
stretch. Evaluation of the data transmitted is 
being carried out at the JPL Communications 
Center, Pasadena, California. 

The Jet Propulsion Laboratory had first devel- 
oped a Proof Test Model, which was almost an 
exact replica of the Ranger /]. The various tests 
which this model underwent included subjection 
to strong vibrations, such as are encountered 


s 
v 


RANGER 


The Atlas-Agena B carrier 
rocket with the Ranger space 
vehicle. Of the total height 
(over 100 ft), 66 ft are accoun- 
ted for by the Afi/as first stage, 
22 ft by the Agena B, and the 
remainder by the Ranger /. 
The three engines of the Atlas 
developed a thrust of 360,000 
Ib, and the Agena-B propulsion 
unit normally produce about 
15,000 Ib. Burnout of the Atlas 
booster engines took place 
after 214 minutes, of the lift 
engines after 4 14 minutes, and 
of the control rockets (Ver- 
niers) after 5 minutes. During 
the non-propelled phase, the 
housing of the Ranger 1 was 
thrown off, and the Agena B 
separated from the first stage. 
After an initial combustion 
period of 214 minutes, the 
Agena B together with its pay- 
load was placed in an almost 
circular orbit at an altitude of 
about 100 miles. Following a 
non-propelled phase lasting 
14 minutes, the engine should 
have burned for a further 1 '4 
minutes and the Ranger I have 
separated from the second stage 
about 25 minutes after launch. 


























In launch position, Ranger J has a diameter of 5 ft and 
a height of 11 ft. Its solar cell panels are folded and the 
4-ft diameter parabolic directional antenna is drawn up 
underneath the body of the spacecraft (cf. illustration in 
Interavia, 1/1961, page 98). Left, the metal shroud devel- 
oped by Lockheed Missiles and Space Company, Sunny- 
vale, which is for protection of the Ranger 1] during 
passage through the earth’s atmosphere. This year, NASA 
will also launch the Ranger 2 (for a flight past the moon). 


when the carrier rocket is launched. The model 
was tested at temperatures between 0°C and 50°C 
and at a pressure down to 0.00001 mm ofmercury, 
thus simulating launch and operational con- 
ditions. Work on the Ranger / proper started at 
Pasadena early in February of this year. In May, 
the space vehicle was brought to Cape Canaveral, 
where constant checks were applied up to the 
time of launch, in order to make sure that its 
numerous items of equipment — 19,520 electronic 
components alone—were functioning satis- 
factorily. 


The Relay and Syncom Relay Communications 
Satellites 

Of the USA’s numerous civil and military relay 
communications projects, for instance Echo, 
Rebound, Advent, Csar and West Ford, the NASA 
Relay and Syncom satellites are of marked 
importance at the moment. It is planned to put 
the 100-lb Relay satellite into orbit next year, 
using the three-stage Thor-Delta carrier-rocket; 
the orbit is to have a perigee of about 900 miles 
and an apogee of about 3,000 miles, with an angle 
of inclination to the Equator of 48°. The prime 
contractor for this satellite, which is to be used 
for telegraphic, telephonic and television trans- 
missions (see sectional drawing), is the Radio 
Corporation of America. Great Britain and 
France are also participating in the Relay pro- 
gramme. The exterior of the Relay is studded 
with some 6,000 solar cells; receiver frequency is 
1,725 Mc/s, transmitter frequency being 4,170 
Mc/s; the diameter of the satellite (less antennas) 
is 26 in and the height 29 in. 

The Syncom satellite is intended for long- 
distance telephone and telegraphic communica- 
tions only. NASA is at present in negotiation 
with the Hughes Aircraft Company concerning 
a $4 million contract for the development of this 
satellite, which is expected to be put into a 
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The main equipment and instrumentation of the Tiros 3 
meteorological satellite, which has been in orbit since 
July 12th, 1961. Right and left foreground: the two wide- 
angle lenses. Unlike its predecessor, Tiros 3 also carries 
infra-red measurement equipment. Its cloud-cover photos, 
taken in the area between latitudes 48° N and 48° S, are 
at the disposal of any nation requesting them. 


























22,000-mile high orbit in late 1962. The orbital 
speed and direction of the 50 lb Syncom will be 
the same as those of the earth itself, and the 
satellite will vary its position between latitudes 
30°N and 30°S. As in the case of the Relay, the 
booster rocket will be a Thor-Delta. After reaching 
a certain altitude, the satellite itself will be put 
into its orbit by an auxiliary solid-propellant 
engine. The radio frequencies used will be 8,000 
Mc/s (earth-satellite) and 2,000 Mc/s (satellite- 
earth). Installations belonging to the Army’s 
Advent long-range relay project, on which Bendix 
and General Electric are working, will do duty 
as ground stations. 


American-Canadian Satellite Project 

In addition to the USA and the USSR, other 
countries are participating to an increasing extent 
in space research, sometimes going their own 


Artist’s sketch of NASA’s Orbiting Astronomical Ob- 
servatory. The prime contract for this 1'4 ton satellite 
was awarded by NASA to the Grumman Aircraft Engi- 
neering Corporation. Thanks to its extremely sensitive 
stabilizing equipment, the OAO allows stellar obser- 
vations to be made with greater precision than can be 
attained by any large observatory on Earth. 
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ways, and sometimes seeking partners with whom 
to cooperate. For instance, a satellite is at present 
being developed in Canada and will be launched 
by means of an American Thor-Agena B. This 
satellite is intended for research into the structure 
of the upper layers of the ionosphere (by measure- 
ment of the propagation of radio-waves), and 
the results aimed at will amplify those obtained 
by Explorer 8. 

This USA-Canada project has so far been 
known by the NASA designation S-27 (Topside 
Sounder). Launch is scheduled for the first 
quarter of 1962, and will be carried out from 
Vandenberg AFB. This satellite should circle the 
earth in 105 minutes on an almost polar orbit 
(inclination to the Equator 80°), with an average 
altitude of 625 miles. 

The Canadian Defense Research Board, the 
authority responsible for development of the S-27, 
has retained de Havilland of Canada for the 
construction of the actual airframe, and the 
instrument payload is being produced by the 
Canadian National Research Council. The 
satellite, resembling a flattened sphere, is mainly 
of aluminium and will be girdled by several banks 
of solar cells. Its maximum diameter is approxi- 
mately 42 in and its height approximately 34 in. 
De Havilland will build four airframes, two of 
which are intended for launching. 

A special feature of the S-27 satellite is its 


antennas. In addition to normal rod antennas, 
which are 23 in long, the S-27 is to carry two 





Zs 





37.5 ft-long and two 75 ft-long tube antennas, 
which have been developed by Sinclair Radio 
Laboratories, Toronto. These antennas, the 
longest as yet to be used on a satellite, comprise 
strips of thin, heat-treated steel and are rolled 
up on drums inside the satellite. As soon as the 
S-27 goes into orbit, small motors automatically 
unwind the antennas which, thanks to the 
specially heat-treated metal, spring into rigid tubes 
as they are extended outside the satellite. Each 
antenna and extension unit weighs about 9 Ib. 
For the purpose of mechanical and radio testing, 
the 75-ft antennas were installed in the nose-cone 
of a Javelin research rocket, which was launched 
from Wallops Island in mid-June 1961 to an 
altitude of about 560 miles. 

For radio research, the Topside Sounder is 
provided with equipment for generating signals 
with a periodic (10 second) sweep frequency of 
2-12 Mc/s (pulse duration 100 micro-seconds, 
transmission every 600 seconds). The 2-watt 
transmitter carried on board radiates these 
signals by wide-band frequency modulation on 
the 136.08 Mc/s frequency, and works on com- 
mands from ground stations. 
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This NASA satellite, the S-55, whose launch from Wallops 
Island on June 30th this year was unsuccessful, is one of the 
Explorer series. The attempt was repeated on August 25th 
and the Scout solid-propellant rocket successfully put the 
125-lb satellite (designated Explorer 13) into an orbit 
round the earth — perigee 174.6 miles, apogee 606.3 
miles. Orbital period is 97.25 minutes. Explorer 13, 
consisting of a Scout fourth stage and a short nosecone 
is carrying various types of detectors and two groups of 
solar cells. Its purpose is the measurement of micro- 
meteorites. 


<4 NASA’s Relay communications satellite: 1 — telemetry antennas; 

2 — TWT power supply; 3 — radiation measurement equipment; 
receiver exciter; 5 — encoder; 6 — decoder; 7 — receiver and 
subcarrier demodulator; 8 — radiation sensors; 9 — wide-band 
antenna; 10 — receiver and TWT exciter; 11 - TWT; 12 — loop 
antenna for determining position in space; 13 — TWT power 
supply; 14 — solar cells; 15 — chemical batteries 


Data obtained by the other instruments carried 
on board (measurements of electron density, of 
galactic noise intensity, and of the energy of 
charge particles of cosmic radiation) are carried 
by the 250-mW transmitter which works con- 
tinuously on the 136.59 Mc/s frequency. The 
same transmitter is used for orbital tracking. 


Ground telemetry stations for the S-27 are 
now being set up in Resolute Bay, North West 
Territories; Prince Albert, Saskatchewan; and 
Ottawa. For tracking the satellite in orbit, NASA 
will use the Minitrack station in Newfoundland, 
at present under construction, as well as a 
number of other Minitrack stations all over the 
world. 


The “Aigle" Altitude Research Rocket 


In Interavia 8/1961, pages 1116-7, we reported 
fully on the altitude research rockets developed 
jointly by Sud-Aviation and the Centre National 
d’Etudes et des Télécommunications. Besides the 
Bélier, Centaure, Dragon, Pégase and Eridan, 
there is the Aigle one-stage probe, which also 
serves as the second stage of the Eridan. The Aigle 
is powered by a Stromboli solid-propellant engine 
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over 100 miles. The following table gives some 
possible uses of the Aigle and the Eridan. Both 
rockets are expected to be available early in 1962. 








Payload Maximum Height (miles) 
(Ib) Aigle Eridan 
220 106 219 
440 7s 162 
660 56 105 





As regards the Bélier, it should be added that 
the motor is designated Jéricho and, in the two 
stage Centaure, the booster is equipped with a 
solid-propellant motor of the Venus type. 


“Blue Streak" as a First-Stage Carrier Rocket 


Although the development of Blue Streak as a 
weapons system has been stopped, the possibility 
still remains of using this rocket as the first stage 
of a satellite launching vehicle for space research. 
This proposal was made by Peter Thorneycroft, 
the British Air Minister, to the International 
Space Conference in Strasbourg early this year. 
Western Germany having announced its readiness 
in principle to cooperate, the European satellite 
carrier rocket project has now advanced a stage 
further (cf. Interavia 8/1961, page 1058). 


and can carry payloads of 700 lb to altitudes of 


As previously mentioned, the second stage of 
this project is to be the French Véronique, whereas 
the third stage would be a rocket to be produced 
as a joint European venture. Later on in these 
notes, we quote the main details concerning Blue 
Streak released by Hawker Siddeley. 


With the optimum configuration discussed at 
Strasbourg, a 2,200-lb payload could be put into 
a 300-mile circular polar orbit. Alternatively, a 
500-lb payload could be put into a circular polar 
orbit at an altitude of 5,000 miles; a 940-lb pay- 
load into a polar orbit with a perigee of 300 miles 
and an apogee of 7,000 miles; or a 320-lb payload 
into a polar orbit with a perigee of 300 miles and 
an apogee of 10,000 miles. 


The launching procedure for a satellite using 
the European carrier rocket would be along the 
following lines: Blue Streak, as first stage of the 
100-ton carrier vehicle, would lift the second 
and third stages plus the payload to an altitude 
of about 50 miles during a combustion period 
of 160 seconds. Its speed at burnout would be 
some 8,500 m.p.h. The second-stage motor would 
then be ignited to reach an altitude of 106 miles 
and a speed of about 14,500 miles at burnout. 
The third stage would then bring the payload 
into the desired orbit. The speed of the satellite 
would be some 17,000 m.p.h. on entering a low 


The de Havilland Blue Streak as a first-stage launch vehicle for a European satellite: 1 — transistorized receiver; 2 — power 
box; 3 — battery box; 4 — motor baffle; 5 — lox tank junction box; 6 — lox vent valve; 7 — break-up charges; 8 — kerosene 
pressurization pipe; 9 — lox stand-pipe; 10 — yaw rate gyro; 11 — anti-quake baffles; 12 - motor beam; 13 — gas generator; 
14 — auto pilot canister; 15 — nitrogen bottles; 16 — pitch jack; 17 — thrust chamber; 18 — turbine exhausts; 19 — heat 
exchangers; 20- instrumentation distribution box; 21 — turbo pumps; 22 - telemetry switch unit; 23 — stiffening rings; 
24 — lox pressurization pipe; 25 — alternative container; 26 - electrical probe; 27 — telemetry transmitter. 
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Cutaway drawing of the Sud-Aviation Aigle French 
research rocket. 1 — hermetically-sealed payload com- 
partment; 2 — telemetry antennas; 3 — transponder 
antennas; 4 — remote control antennas. These antennas 
form an integral part of the stabiliser fins. The Aigle 
varies in length from 14.44 ft to 17.06 ft according to the 
payload; the diameter of the rocket body is 1.84 ft. 


circular orbit, or 24,000 m.p.h. on entering a 
highly eccentric orbit. 


Technical data on the Blue Streak first-stage 
are as follows: 


Vehicle Dimensions: tank diameter 10 ft; overall 
length, including engine, 61 ft 6 in; tank wall thick- 
ness 0.019 in; propulsion bay length 6 ft 3 in; 
tank bay length 46 ft. 


Vehicle weights: nominal launch 92.2 tons; lox 
tank full 60.8 tons; kerosene tank full 26.3 tons; 
all-burnt weight 6.1 tons. 


Engine data: two Rolls-Royce RZ.2 of 137,000 
lb thrust each (current); engine duration 180 secs 
(max); fuel mixture Lox/K 2.25/l by weight; thrust 
chamber pressure at injector 525 psig. 


Lox system: tank pressurization (working) 28.5 
psig; empty 4.3 psig; pump maximum flow 
390 Ib/sec; pump delivery pressure 785 psig. 


Kerosene system: tank pressurization (working) 
10.25 psig; empty 1.5 psig; pump maximum flow 
170 Ib/sec; pump delivery pressure 735 psig. 


Gas generator and turbine: fuel mixture 3 lb/sec 
Lox/10.5 Ib/sec K = ratio K/Lox 3.5; turbine 
output 2,400 h.p.; turbine speed 30,000 r.p.m.; 
pump speed 6,000 r.p.m.; gas generator pressure 
425 psig; gas generator temperature 630°C. 


Vehicle electrical supplies: 115 V 2.4 Ke/s; 
115 V 400 c/s; 28 V D.C. 


Autopilot and hydraulic: motor gimballing 
freedom = 7° of conical movement; hydraulic 
H.P. 3,000 psig; hydraulic L.P. 200 psig; pro- 
grammed turnover rate 0.7°/sec. 


Heat exchangers: Lox feed 700 psig 2.5 Ib/sec; 
nitrogen feed 120 psig 0.8 lb/sec; nitrogen storage 
capacity —gas 54 lb at 3,000 psig, —liquid 145 lb. 


+. 
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Air traffic 


The postponement has been announced of the air 
traffic agreement between the USA and the USSR 
over the opening of regular New York—Moscow 
services. The American State Department said at 
the end of August that the general international 
situation was the cause. The draft agreement had 
already been initialled by both sides when the 
Berlin crisis broke out. This is the second time 
that the signing of a USA-USSR air traffic 
agreement has been frustrated as a result of poli- 
tical events. The first occasion was in June 1960, 
when the negotiations were postponed indefi- 
nitely after the U-2 and RB-47 incidents. In this 
connection, it should be noted that there is no 
truth in reports of negotiations on projected 
Rome-—Moscow air services. 





The swingtail version of the Canadair CL-44 turboprop freighter recently demonstrated its load-carrying ability 
at the Canadair airfield, near Montreal. Two Lockheed F-104 fuselages complete with engines, two tail units, 
and two wing units were loaded successfully. Illustrated above, the cargo; below, a fuselage being loaded. 


The first two Canadair CL-104 multi-purpose fighters have been taken to Palmdale, California, for flight testing, 
and on August 14th the third aircraft took off on its maiden flight from the recently extended runway at the Canadair 
factory airfield near Montreal. The CF-104 attained a speed of Mach 2. Our picture shows the aircraft landing 
with its brake parachute. 


































The first Lockheed F-104G for the German Air Force, 
assembled by Messerschmitt, made its first flight at 
Manching factory airfield on August 10th. The Lock- 
heed test pilot, James L. Jester, was at the controls. 
In the picture, he is being congratulated by General 
Josef Kammbhuber, Inspector of the German Air 
Force. Dr. L. S. Rothe, Chairman of Messerschmitt, 
reports that a further 12-15 F-104Gs will be completed 
by the end of this year. 





Provisional sketch for the Lockheed VTOL research P 
aircraft Hummingbird. Lockheed’s Georgia Division 
has been working for four years on the development 

of this aircraft, which has two Pratt & Whitney JT-12 
turbojet engines. This research aircraft will have a 
wing span of 24.9 ft. Maximum length will be 31.2 ft. 
For vertical take-off, hovering flight, or vertical 
landing, the high velocity gas flow from both engines 

is led into a system of mixing chambers buried in the 
fuselage, and then ejected downwards through jet 
nozzles, to produce lift. The upper and lower sides 

of the mixing chambers are enclosed by flush fitting at 
doors which are closed during normal horizontal “D) 
flight. The exhaust gases of both JT-12 turbojets are 
in this case ejected rearwards through conventional 
jet nozzles. t. 















































What’s in 
the air? 


Air Ceylon is to suspend its international services 
to Europe and the Far East from November Ist 
(operated until now in partnership with KLM). 
KLM has meanwhile decided to replace the 
Lockheed Electra with long-haul jets on its Far 
East routes. Since these aircraft cannot land at 
Ceylon’s Katunayake and Katmalana airports, 
Air Ceylon has decided to discontinue working 
with KLM. The Company isat present undertaking 
only domestic and regional services. Extensions 
are being carried out at Katunayake, but they will 
not be completed for another two years. There is 
a possibility of Air Ceylon’s reintroducing inter- 
national services, if it can reach agreement with 
another carrier. According to reports, Air Ceylon 
has been negotiating with Air-India International 
and British Overseas Airways Corporation. 


Transports Aériens Intercontinentaux will intro- 
duce Douglas DC-8s on the Paris-Tananarive 
route, starting in October. The inaugural flight 
takes place on Sunday, October 15th. Takeoff 
from Paris is at 16.30 hrs. (local time), with 
intermediate stops at Marseilles, Cairo, and Nai- 
robi. 


Alitalia has dropped the intermediate stop at 
Santa Maria (Azores) on its weekly DC-8 Rome- 
Milan-—Caracas service. On the other hand, the 
return Caracas—Milan—Rome flight is again call- 
ing at Curacao airport. 


Austrian Airlines plans to order two medium-haul 
jets this year. At the end of August, an AUA 





The HS667 quadruple-anti- 
aircraft mounting produced by 
Hispano-Suiza, Geneva, in 
firing position. Total weight 
for transport (without ammu- 
nition)—12,100 Ib; in firing 
position with 320 rounds- 
10,120 Ib. Barrel length with 
muzzle brake 8 ft; overall gun 
length 11.2 ft. Ballistic data: 
Calibre 30 mm; muzzle velo- 
city (Vo) 3,450 ft/sec; time of 
flight to 3,300 ft, 1.07 sec; 
6,600 ft, 2.52 sec; 10,000 ft, 
4.51 sec; rate of fire per barrel, 
650 rounds per minute; rate of 
fire per battery (two guns) 
5,200 rounds per minute; && 
Ammunition: practice projec- 
tiles with and without tracer; 
high explosive incendiary; ar- 
mour-piercing incendiary with 
base fuse and self-destruction; 
armour-piercing incendiary 
with tracer. 


A Canberra redesigned by 
Short’s for the operational 
testing of the de Havilland 
Red Top air-to-air missile; this 
Canberra version is designated 
SC-9. The work is being carried 
out under contract to the 
Ministry of Aviation. The 
SC-9 will be used for testing 
the Red Top fire control system 
and other accessories of the 
weapons homing system. 


delegation, headed by Chairman Dr. Josef Koller, 
was in Seattle to study the development of jet 
transport construction in relation to AUA’s needs. 
A new pool agreement has been signed between 
Austrian Airlines and the British Company, Cu- 
nard Eagle Airways, concerning joint exploitation 
of the London-Innsbruck route. AUA has also 
signed pool agreements with the Polish flag- 
carrier LOT (Vienna~Warsaw) and with the 
Rumanian airline TAROM (Vienna—Bucharest) 


Channel Air Bridge Ltd., represented in Switzer- 
land by Airnautic AG, Basle, has been granted 
consent by the British Air Transport Licensing 
Board to use Basle and Geneva airports. Since 
1954, Channel Air Bridge Ltd. has operated car 
ferry services from Southend to Calais, Ostend, 
and Rotterdam. For the Basle and Geneva routes 
four-engined Carvairs (converted Douglas DC-4s), 
adapted for transporting five cars and 25 passen- 
gers, will be used. Aviation Traders Ltd. is respon- 
sible for the conversion of the Douglas DC-4s for 
Channel Air Bridge. 


British European Airways expects delivery of the 
first of the 24 de Havilland DH.121 Tridents on 
order in December 1963. Initially, the BEA Tri- 
dents will be introduced on an ad hoc basis, as 


was the case with the Comet. Scheduled opera- 
tions with six DH.121 Tridents will start in April 
1964 (Mediterranean and Scandinavian routes). 
BEA originally planned to exchange Comets for 
Tridents, but our Air Correspondent in London 
now reports that BEA will retain all 14 Comets. 


East African Airways has placed an order with 
Fokker for three F.27 Friendships to replace Dou- 
glas DC-3s and Canadair DC-4Ms. Deliveries 
are scheduled for the end of 1962. According to 
report, EAA is considering the purchase at a 
later date of a further seven Friendships at a cost 
of £5 million. Fokker has now booked orders for 
105 Friendships. 


Lufthansa is considering the possibility of em- 
ploying the French Max Holste MH.262 Super 
Broussard short-haul aircraft on domestic routes. 
A detailed description of this aircraft appeared in 
Interavia 8/1961, page 1113. If, in the near future, 
Lufthansa should decide to buy Super Broussards, 
they could expect first deliveries in 1963. 


United Air Lines is buying back six of the 15 
Vickers Viscounts returned to Vickers-Armstrong 
by Capital Airlines in part settlement of the 
latter’s $33.8 million debt. According to UAL 
President William Patterson, United Air Lines 
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Since August 16th, 1961, flight 
tests have been carried out on 
the preseries model Bell HU- 
1D, the most recent version of 
the US Army HU-1D Iroquois 
helicopter. The HU-1D is 
fitted with a Lycoming T53- 
1-9 turboshaft engine rated at 
1,100 s.h.p., and can carry 12 
soldiers in full battle-order. 
The main constructional fea- 
tures of the 1B remain un- 
changed in the 1D version. 














requires the aircraft to meet the considerable 
expansion in the network created by amalgama- 
tion with Capital. Eight of the Viscounts returned 
to Vickers by Capital have meanwhile been sold 
five to Alitalia, two to Austrian Airlines, and 
one to Philippine Air Lines. 


Industry 
Joint design work by Republic/Fokker on a VTOL 
strike-reconnaissance aircraft for NATO has 
now reached the point where the project office can 
proceed to the selection of electronic, photogra- 
phic, and fire control equipment for inclusion in 
the overall weapons system. Republic/Fokker 
have invited a number of European electronics 
firms to participate in the programme. The Re- 
public/Fokker VTOL fighter aircraft incorporate 
variable geometry wings, and a variation of the 
Bristol Siddeley BS.53 lift/thrust engine. Accord- 
ing to unconfirmed reports, the deadline for sub- 
mission of design proposals to meet the NATO 
VTOL fighter specification is December 31st, 
1961. The NATO specification for a VTOL air- 
craft was issued to the industry at the end of July 
this year. 

About seven tons of conventional bombs —i.e., a 
total of 26 bombs each weighing 565 lb—can be 
carried by the Republic F-105 fighter-bomber in 
a fuselage bomb bay and under the wings. The 
bombs can be dropped singly, in pairs, or all at 
once. Alternatively, the F-105 can carry a number 
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The single-seat Siemetzki 
ASRO 3-T helicopter with a 
small BMW6002 gas turbine 
of 65 h.p. The rotor disk area 
is 352 sq.ft, the rotational 
speed of the rotor 510 r.p.m. 
Further data: width 6 ft 11 in; 
length 25 ft 1 in; height 6 ft 
10 in; empty weight 462 Ib; 
useful load 378 Ib; all-up 
weight 840 Ib; maximum speed 
63 kts; cruising speed 55 kts; 
rate of climb, sloping 864 
f.p.m., vertical 576 f.p.m.; 
hovering ceiling 6,080 ft; ser- 
vice ceiling 8,960 ft; range 100 
miles; flight duration 85 min. 


of Bullpup air-to-air guided missiles, with a 
reduced load of 565-lb bombs. The F-105’s 
armament includes a 20-mm cannon, rate of fire 
6,000 rounds per minute. 


USAF contracting for development and construc- 
tion of solid-fuel super booster rockets is expected 


Test Pilot of Aeronautica Macchi, set a new 
world altitude record in an Aer Macchi MB-326 
jet trainer, for the weight class up to 3,000 kg. 
He attained a height of 49,977 ft (15,233 m), thus 
beating the existing Russian world record by 
3,125 ft (948 m). The new record has been sub- 
mitted to the FAI for certification. The MB-326 
is in production at Varese plant of Aeronautica 
Macchi, which will soon be celebrating the 50th 
anniversary of its foundation. 





to start this autumn, after agreements on speci- 
fications have been reached by USAF, the De- 
partment of Defense, and NASA. The Air Force 
plans to use the boosters for military manned 
space flights and the national lunar-research 
programme, whereas NASA intends to employ 
them in the Nova launch vehicle project. Possibly 
two boosters will be developed, the military 
version being smaller and lighter, for ease of 
transportation. Until specifications are agreed, 
the Air Force is making preparations for pre- 
liminary work on the development of propel- 
lants, thrust vector control, and combustion 
chambers, which still present many problems, 
particularly as the thrust of this booster will be 
about 2,000,000 Ib. Initially, several firms are to 
be commissioned with the development of the 
booster, and the number will later be narrowed 
down to one or two, as was the case with the 
Minuteman programme. 


As regards the super booster development pro- 
gramme, Defense Department officials recom- 





The twin version of the de 
Havilland Gnome H.1000 tur- 
bojet on the test stand. An 
engine of this type has been 
installed in a modified West- 
land Wessex helicopter for 
tests. It is intended to fit the 
Wessex Mk.2 helicopter with 
the twin HP.1200 in series pro- 
duction later on. 






























































On August 4th, Commandante Carestiato, Chief 
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mend standardized multi-mission components 
(for propulsion, internal power, and telemetry). 
Such components are, of course, extravagant for 
one specific purpose; but it would be far more 
wasteful to manufacture a new component 
exactly suited to each individual requirement, as 
formerly. The opinion is that this is the reason 
for the slow progress made by US space research. 
American Congress has voted the US National 
Aeronautics and Space Administration (NASA) 
a total of $1,671,750,000 for fiscal 1961-62, 
whereas the White House had asked for the sum 
of $1,784,300,000. The bulk of the reduction 
($75,539,000) is borne by NASA’s budget for 
research and development, the balance being sub- 
tracted from the amounts requested under the 
headings of salaries and expenses incurred in the 
construction of certain installations. 


The Rolls-Royce RB. 141 by-pass engine series 
is to be known in future as the Medway class. 


Production rate of the Brantly B-2 helicopter (one 
180 h.p. Lycoming VO-360-AIA engine) is at 
present 15 per month. Over 100 of these heli- 
copters (US Army designation YGO-3BR) have 
already been sold. The Brantly Helicopter Cor- 
poration is also working on a two-engine model 
(the B-3), which will have two rotors in tandem. 


On July 15th, Curt Nicolin succeeded Ake Rusck 
as President of Scandinavian Airlines System. 
Nicolin, 40 year old Managing Director of All- 
manna Svenska Elektriska AB, has been given 
leave of absence from ASEA for the period of his 
appointment with SAS. ASEA is one of Sweden’s 
largest industrial concerns, employing about 
35,000 people. 





Design of the rotor heads, rotor blades etc., will 
largely be based on experience gained from the 
B-2 single rotor model. It is announced that the 
all-up weight of the B-3 will be 3,400 Ib, and its 
cruising speed 100 m.p.h. 


A total of 70 Cessna L-19 Bird Dog two-seat ob- 
servation and liaison aircraft of the new E-ver- 
sion have been ordered by the US Army. Produc- 
tion of the new L-19E will start early in 1962, 
and first deliveries are scheduled for June 1962. 
The contract is for completion by May 1963. 
The L-19E will be fitted with a 213 h.p. Conti- 
nental engine; maximum speed (sea level) 100 
knots; maximum range not less than 430 n.m. 


For the DHC-4 Caribou STOL transport, de 
Havilland Canada is offering a combination 
undercarriage fitted with skis. A Caribou equipped 
in this way is currently undergoing US Army 
trials in Greenland. The skis on the two main 








A de Havilland DHC-4 Caribou battle zone transport aircraft has been fitted with General Electric T64 turboprops 


for testing. Several medium-range transport aircraft are to be equipped with the turboprop version of the T64 (2,850 
e.s.h.p.), while the turboshaft T64 is being proposed for some VTOL applications. 


undercarriage legs can be hydraulically raised or 
lowered by the pilot, both during flight and on the 
ground. The ski is on a rigid mounting on the nose 
wheel. Conversion from the normal Caribou 
wheel configuration to the combined wheel-ski 
undercarriage version can be accomplished in 
about 214 hours. Length of main wheel skis 13 ft 
8 in; width 2 ft 10 in; area 30.5 sq.ft; pressure 
loading 275 |b/sq. ft. Length of nosewheel ski is 
9 ft 9.25 in; width 2 ft 6 in; area 19 sq. ft; pressure 
loading 250 Ib/sq. ft. 

Progetti Costruzzioni Aeronautiche Procaer, Mi- 
lan, started building a pre-series batch of its jet- 
propelled four-seat F.400 Cobra in September. 
First deliveries in large numbers will probably 
commence in 1962. Sales so far announced are 
two in Italy and two in Germany (BMW is known 
to be interested in this model for use as a flying 
test-bed for small turbojets of its own design). 


The F.400 is powered by a Turboméca Marboré 
II F turbojet of 880 Ib thrust; span is 28.5 ft; 
length 26.6 ft; wing area 126 sq. ft; aspect ratio 
6.5. Empty weight 2,425 Ib; gross weight 3,250 Ib 
to 3,750 Ib; at maximum all-up weight, the F.400 
achieves a maximum speed of 300 knots at an 
altitude of 13,100 ft; cruising speed at 13,100 ft 
is 260 knots; economic cruising speed 205 knots; 
initial rate of climb 2,360 f.p.m.; flight duration 
at economic cruising speed, 1 hr 50 min. Price 
quoted for the F.400 is 50 million lire ($80,000) 
including complete radio equipment. This au- 
tumn, Procaer should complete the new four-seat 
F.600, which is to be equipped with two turbo- 
jets, each of 660 lb thrust. At a gross weight of 
5,510 lb, the F.600 is designed to attain a maxi- 
mum speed of 340 knots. Lastly, there is the 
F.480 (Turboméca Marboré VI of 1,060 Ib 
thrust), for military training and liaison duties. ++ 


The first de Havilland DH121 Trident with three Rolls-Royce Spey turbojet engines has been rolled out from final 
assembly at Hatfield. British European Airways has placed an order for 24 Trident aircraft. 
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for Hydrofoil Craft 


By George A. Hardgrove and James C. Neesen, 


The General Electric Company is drawing on 
the resources and experience accumulated during 
50 years of building marine propulsion systems, 
and 20 years of developing lightweight, high- 
power aircraft turbojet engines, to develop and 
build gas turbine propulsion systems for hydrofoil 
craft. This background has enabled the company 
to provide a fully integrated propulsion system, 
including main turboshaft engine, auxiliary 
turboshaft engine, and transmission system for 
the US Maritime Administration’s 80-ton experi- 
mental hydrofoil craft—the H.S. Denison. The 
104-foot MARAD craft is being built by Dynamic 
Developments, Inc., an affiliate of the Grumman 
Aircraft Engineering Corporation and will shortly 
be tested. 


The company’s confidence in the usefulness of 
aircraft gas turbines in non-aircraft applications 
is reflected in the recent formation of a Marine 
and Industrial Operation at its Flight Propulsion 
Division headquarters near Cincinnati, Ohio. This 
was established to develop and build turboshaft 
engines for applications where light-weight and 
compact high-performance engines are required. 
The Marine and Industrial Operation represents 
both the Large Jet Engine Department and Small 
Aircraft Engine Department, and numbers among 
its engines the following powerplants with out- 
puts from 200 to 20,000 SHP: 


Fig. 2: Cutaway view of the Model 720 turboshaft engine, 


derived from the General Electric T58 gas turbine. 
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Gas Turbine Propulsion Systems 


General Electric Company, Flight Propulsion Division, Evendale, Ohio 











Engine Designation Max. Continuous Duty 
Intermittent Power 
(SHP) (SHP) 
Model 901 500 200— 400 
Model 720 1,000 500— 800 
Model 800 2,400 1,600— 2,000 
Model 240 20,000 5,000—14 000 





The Marine and Industrial Operation provides 
close coordination not only between the two gas 
turbine manufacturing departments, but also with 
the Gear Department of the Medium Steam Tur- 
bine Generator and Gear Department in Lynn, 
Massachusetts. The combination of gas turbine/ 
gear transmission engineering skill and manufac- 
turing experience places the company in a parti- 
cularly advantageous position to meet hydrofoil 
manufacturers’ needs for propulsion and ancillary 
gear equipment. 


Hydrofoil craft, like aircraft, require high- 
performance, lightweight powerplants. This is 
logical, since, in a sense, both oppose the force 
of gravity. Aircraft require high power to become 
airborne; hydrofoil craft require high-performance 
engines to propel the craft from the displacement 
condition to foil-borne operation. It follows that 
packing the required power into a lightweight 
system facilitates the transition. Moreover, an 
increase in propulsion system weight that does 





Fig. 1: General Electric Model 720 turboshaft engine. 


not improve performance, results in a decrease 

in the load that the craft can carry. 

While diesel and steam powerplants have been 
considered, studies indicate that hydrofoil vessels 
over 50 tons in weight require a main propulsion 
engine with an operational capability ranging 
from at least 5,000 to 20,000 horsepower. The 
only type of engine capable of this output, with 
the required power to weight ratio of 2:1 or 
better, is the aircraft gas turbine modified to 
develop shaft horsepower. Some of the arguments 
favoring turboshaft engines and their transmission 
systems for hydrofoil application are: 

1. For comparable power output, engines of basic 
turbojet design are significantly lighter. 

2. For equivalent shaft horsepower, compound 
diesel engine weights vary exponentially in 
comparison to gas turbine weights. 

3. For long range missions a turboshaft engine 
would be especially suitable for combination 
with a nuclear reactor. 

4. Transmission specific weights are considered 
to be higher for diesel powered water propellers 
due to the step up in RPM required with diesel 
engine power. 

This should not imply that diesel engines do 
not have advantages. Detailed mission studies, 
such as comparisons of total engine plus fuel 
weight versus mission time for engines of specific 
weights and specific fuel consumption, will define 
the characteristics of an optimum design to be 
selected for a specified mission. On a long distance 
mission, the diesel powered hydrofoil is favored 
because fuel consumption is less, therefore less 
fuel load is required. The light-weight feature of 
turboshaft engines simplifies propulsion system 
installation. The problem of weight distribution 
is minimized, and the ability to locate the main 
powerplant near the stern, results in less trans- 
mission equipment. 

According to joint studies made by the aircraft 
and shipbuilding industries, the suitability of air- 
craft gas turbines to hydrofoil propulsion require- 
ments is well established. Forecasts show that 
these high-performance powerplants can feasibly 
power hydrofoil craft to speeds up to 100 knots, 
displacement to 1000 tons and useful load of 35 
percent full displacement. 

Design studies of geared transmissions for 
hydrofoil-type craft were begun by General 
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Electric early in 1950. Detailed design layouts 
have been completed on hydrofoil projects 
ranging from small, one-ton high-speed test 
vehicles to a 500-ton commercial luxury liner. The 
findings of these studies are presented by Dale 
W. Dudley and Eugene E. Shipley of General 
Electric’s Gear Department in their paper “‘The 
Design of Gear Transmission Systems for Hydro- 
foil Boats” given before the Southern California 
Section of the Society of Naval Architects and 
Marine Engineers on April 15th, 1961. 


Some of the test projects conducted by the Gear 
Department which provide fundamental data for 
unusual development work, such as the hydrofoil 
system, are: 


1. Fundamental studies of noise dampening and 
vibration isolation. 


2. Operation of a high-temperature gear test stand 
to study gear materials, lubricants, and sur- 
face treatments. 


3. Operation of a number of spline test stands in 
an effort to seek additional data on spline 
wear, fretting, corrosion resistance, effect of 
load and angular misalignment, and various 
means of lubrication. 


4. Gear wear phenomena studies utilizing radio- 
active tracer techniques. 


5. Endurance tests spanning ten years of operation 
on a high capacity, full scale gear test machine. 


6. Chemical and physical analysis of new lubri- 
cants and gear materials. 


Recognizing that the propulsion of hydrofoil 
vessels is a complex combination of prime mover 
and power transmission system to produce thrust, 
G. E. engineers have emphasized the technical 
integration of drive components. Engines, cou- 
plings, shafting, reduction gears, right angle gear 
drives, lubrication systems, and seals, all require 
the highest degree of coordination. 


Two current examples of the technical approach 
to hydrofoil propulsion are the XCH-6 and the 
Maritime Administration 80-ton experimental 
vessel, H.S. Denison. The XCH-6 uses the General 
Electric Model 720 gas turbine engine as its sole 
source of propulsive power. The H. S. Denison is 
equipped with a Model 720 engine driving two 
water jets for in-harbor maneuvering and docking. 
Primary power is supplied by the Model 240 
turboshaft engine. Before discussing each of these 


_ (broken curves) are shown 


hydrofoil applications, it would seem appropriate 
to examine in some detail their powerplants. 


The Model 720 turboshaft engine is approxi- 
mately 60 inches long by 19 inches wide by 20 
inches deep. With a typical reduction gear, it is 
85 inches long and 40 inches in height. Occupying 
less than nine cubic feet, this outgrowth of the 
highly successful T58 aircraft gas turbine engine 
can be installed in less than an hour and offers 
minimum downtime and maximum utilization. 
This basic engine weighs approximately 320 
pounds and fills the 500 to 1,000 horsepower 
range. Its ability to produce more than three 
horsepower per pound of engine weight stems 
primarily from its high mass air flow. The Model 
720 is an axial flow engine, having ten stages of 
compression which boost the pressure to more 





power to the output shaft. There is no mechanical 
linkage between the gas generator rotor —consist- 
ing of the compressor, the first two turbine wheels 
and the connecting shaft—and the power output 
turbine and its shaft. It is this free power turbine 
principle which gives torque multiplication, since 
the gas coupling between the two rotors is 
essentially a built-in torque converter. This feature 
represents a substantial advantage over reci- 
procating engines which often require a torque 
converter, due to the direct mechanical coupling. 


Engine accessories, consisting of the fuel and 
oil pumps, main fuel control and governors, and 
tachometer generators, are mounted under the 
forward section of the engine and are driven 
through a radial quill shaft in the forward frame. 

Engine starting can be accomplished by electric, 





Fig. 3: Performance curves 
for the GE 720 turboshaft 
engine. Shaft horsepower 





(solid curves) and specific 1000 
fuel consumption in Ib/shp/h 








for power turbine speeds 800 
from 0 to 20,000 r.p.m. The 
broken curve running down- 
wards diagonally from the 600 








top right is the normal 
operating line and shows for 
any desired s.h.p.—the gas 
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turbine speed (r.p.m.) giving 
most economic engine oper- 
ation. 












































than seven atmospheres. The air leaving the com- 
pressor passes through a diffuser section to an 
annular combustion chamber into which fuel is 
introduced through sixteen fuel nozzles mounted 
around the dome of the combustion liner. Ignition 
is provided by two plugs which operate only 
during the starting cycle. 

The resulting hot gases are first expanded 
through a two stage turbine, which drives the 
compressor through a shaft down the center of 
the engine. The gases are then further expanded 
through a third turbine wheel which provides the 


Fig. 4: The XCH-6 experimental hydrofoil craft, built by Dynamic Development Inc. for the U.S. Navy’s Office of Naval 


Research. 
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hydraulic, or compressed air power by means of 
a suitable starting motor mounted on the pad in 
the eye of the compressor. The starting cycle 
requires only 20 seconds during warm weather 
and less than 50 seconds in temperatures as low 
as —65°F. 


Model 720 shaft horsepower is presented 
graphically in Fig. 3 for various values of power 
turbine speed along lines of constant gas generator 
speed, with ambient conditions at 80°F, sea level, 
and 100 percent relative humidity. Specific fuel 
consumption (SFC) is indicated by the dashed 
lines. To use the curve, move along the normal 
operating line of optimum efficiency. This permits 
reading power turbine speed and the gas generator 
speed to produce a desired horsepower at the 
best fuel consumption. Note that the intersection 
of this line with the maximum continuous 
operating line produces 1,v00 horsepower at 
minimum SFC. 


The Model 720 engine was selected as the 
powerplant for the XCH-6, pictured in Fig. 4. This 
experimental 23-foot hydrofoil vessel was devel- 
oped for the Fluid Dynamics Branch, Office of 
Naval Research, US Navy, by Grumman Aircraft 
Engineering Corp. and its affiliate, Dynamic 
Developments, Inc. as a test bed for supercavitat- 
ing hydrofoils and propellers. The engine is 
mounted horizontally in the vessel and has been 
installed on the starboard side of the center line 
so that the drive from the main reduction gear 
(M.R.G.) runs aft along the center of the hull. 
The 720 is restrained at the forward end in a 
vertical and athwartship direction and secured on 
the right hand side of the front frame. At the after 
end, the engine is restrained in all three planes 
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at the base of the M.R.G. with a ball joint and in 
an athwartship direction at the top of the M.R.G. 
The engine was derated to approximately 200 
horsepower to match the vessel’s power require- 
ments and has propelled the craft at speeds in 
excess of 50 knots. 

Test reports indicate that the engine’s light 
weight and its desirable output speed make the 
Model 720 particularly well suited for the XCH-6 
application. Glen J. Wennagel of Dynamic 
Developments, Inc. detailed these findings in his 
paper “Design and Initial Test of ONR Super- 
cavitating Hydrofoil Boat XCH-6" which was 
presented at the Third Symposium on Naval 
Hydrodynamics at The Hague last September. 

Practical design and manufacturing knowledge, 
together with a considerable amount of opera- 
tional experience, have also been gained on the 
XCH-6 transmission system. Engineered and built 
by General Electric’s Gear Department, the geared 
transmission for this hydrofoil vessel is basically 
a high speed, 200 horsepower drive designed to 
propel the 2,550 pound craft at 60 knots. 
Maximum output r.p.m. is reduced to 6,000 with 
a 3.25: 1 engine gearbox. 

Lieutenant Commander P.W. Nelson, US 
Navy, stated in his contribution “The US Navy’s 
Hydrofoil Projects,” Interavia, April, 1961; Page 
485, that “although aircraft industry’s gas tur- 
bines can be used, and do in fact meet most of 
the stipulations for hydrofoil ships, such engines 
must first of all be adapted for operation in a salt 
water environment.” One of the primary goals 
of the XCH-6 program was to determine corro- 
sion effects on engine components, and to test 
various coatings and material changes, to develop 
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Fig. 5: The main parts of the Model 
240 turboshaft engine: 


1 — compressor front frame 

2 - compressor rotor 

3 — compressor stator casing 
4-control and accessory drive 
5 —compressor rear frame 


9 — turbine rotor 
10 — turbine frame 


Shaft Horsepower 


6 — combustion section 
7 — turbine nozzle diaphragm 
8 — turbine stator casing 
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Fig. 7: Performance curves for the Model 240 turboshaft 
engine: shaft horsepower vs. power turbine speed is shown 
for four engine speeds (solid curves), while the dashed 
curves show specific fuel consumption (in I!b/shp/h). 





11 — power turbine front frame 

12 — power turbine nozzle diaphragm 
13 — power turbine rotor 

14 - power turbine rear frame 

15 — exhaust section 


Fig. 6: Cutaway drawing of the General Electric Model 240 turboshaft engine, whose gas turbine is derived from the 


CJ805 turbojet engine. 
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a marine version of the engine. These coatings 
or treatments included silicone, phenolic and 
epoxy resins, nickel plate, chrome plate, and 
replacements of aluminium and alodine. Flushing 
techniques, exterior oil application, and the 
coating treatment effectively provided the required 
corrosion control. 

The Model 240 engine is a single-cycle, two- 
shaft gas turbine. It is 290 inches long by 95 inches 
in height. The diameter is 65 inches, and it weighs 
in the neighborhood of 6,600 pounds. The gas 
generator is very nearly identical to the gas 
generator used in the CJ-805 commercial aircraft 
turbojet engine. The power turbine is a single- 
stage turbine supported on two frames and fitted 
with a duct for discharging the exhaust gas aft. 
The 45-degree angle discharge of the exhaust duct, 
as opposed to a 90° angle, reduces the vertical 
downward thrust which adds to the effective 
weight of a vessel. The axial component of the 
exhaust gas also adds to the total forward pro- 
pulsive thrust. 

Five structural frames are used as the support 
and alignment components in the Model 240 
engine. The frames and casings utilize the latest 
techniques in sheet-metal welding to achieve light- 
weight construction and to minimize thermal 
stress and distortion. The engine-mounting loads 
and bending loads are carried by the frames and 
casings. This arrangement eliminates the need for 
bulky and heavy internal structures. The engine 
compressor and turbine rotors utilize thin wall, 
moderately stressed sections and conical shafting 
to assure freedom from critical speed problems. 
A section view of the engine cycle is illustrated in 
Fig. 6. The concept of a gas-coupled free turbine 
has the advantage of transmitting power directly 
from the gas turbine exhaust flow, and allows the 
addition of a separate interchangeable turbine 
unit for installation flexibility and simplified 
maintenance. 

The estimated performance of the Model 240 
engine is presented in Fig. 7, for ambient con- 
ditions of 80°F at sea level, without installation 
losses. The data are based upon fuel with a lower 
heating value of 18,550 BTU/lb. Maximum “‘take- 
off” power at 25°F is over 20,000 s.h.p. 

The high pressure ratio compressor in the gas 
generator is used to advantage in the design of 
the power turbine. The power turbine is a single- 
stage unit and rotates in the opposite direction 
to the gas generator compressor-turbine rotor, 
thus reducing the gyroscopic forces at the engine 
mounts. The engine output is regulated by con- 
trolling the gas generator fuel flow, and by means 
of inter-connecting control signals the engine 
functions as a single unit throughout its operating 
range, in response to a single power lever. 

As mentioned earlier, materials commonly used 
in aircraft jet engines, such as magnesium alloys 
and iron-base alloys, may suffer corrosion damage 
if constantly exposed to sea water. An obvious 
solution would be to change materials; however, 
this would result in higher cost and probably 
additional weight. A less attractive, but perhaps 
more practical solution from a time and cost 
standpoint, is to cover the engine parts with 
corrosion-resistant paints or coatings. 
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In the case of the Model 240, the treatment of 
the engine parts with corrosion-resistant sub- 
stances has been adopted to meet the salt-water 
problem. Long range design objectives, however, 
will determine whether material changes can be 
made that will improve the corrosion resistance 
of the engine without excessive cost and weight 
increase. 

The initial Model 240 turboshaft engine will be 
installed as the main propulsion unit for the 
Maritime Administration hydrofoil vessel being 
developed by Dynamic Developments, Inc. This 
vessel of 80-tons displacement is designed to 
operate at speeds in excess of 60 knots when foil- 
borne, which requires a propulsion engine with 
an operational power capability range of from 
5,000 to 20,000 horsepower. At low speed, the 
drag of the hydrofoil vessel is high because both 
the foils and the hull are in the water. As the vessel 
accelerates, the lift from the foils raises the hull 
free of the water, thus decreasing the drag, and at 
this point the vessel accelerates rapidly to the 
desired cruising speed. 

The test vehicle hull under construction is seen 
in Fig. 8. The vessel’s design is such as to enable 
operation with two different hydrofoil systems. 
The first embodies subcavitating hydrofoils for 
speeds up to 60 knots; the second will operate 
at speeds up to 80 knots. The craft is scheduled 
for launching and initial trials, with the 60-knot 
hydrofoil arrangement, in the late summer of 
1961. 

The Model 240 engine installation in the 
MARAD hydrofoil vessel is unique, in that the 
engine is installed on the weather deck as shown 
in Fig. 9. Although this arrangement has advan- 
tages for the vessel designer, special consideration 
had to be given to the air-induction system to 
minimize the ingestion of salt-water spray and 
also solid water. Air entering the engine must 
pass through a water separator and over a dam, 
and during this journey make four 90-degree 
changes in direction. This will, undoubtedly, help 
in reducing the liquid water content of the air, but 
may also increase pressure distortion at the inlet 
to the compressor. It is known that the engine 
gas generator is capable of tolerating considerable 
pressure distortion, so the tortuous passage 





Fig. 9: Artist’s rendering of the Denison experimental hydrofoil craft shows the 
main engine, a GE Model 240, in position on the deck. The auxiliary engine, a GE 
720 gas turbine, which drives the two water jet pumps, is located astern, below. 














Fig. 10: Diagram of the gear transmission system of the Denison: 1 — shaft from 
engine; 2 — reduction gear box; 3 — articulated transmission shaft; 4 — quick-disconnect 
shaft coupling; 5 — upper bevel gear box; 6 - pair of vertical shafts; 7 — propeller shaft 


and bevel driving gear; 8 — auxiliary turbine to drive the two water jet pumps. 


followed by the inlet air is not considered a 
problem. 

The test vehicle transmission is also being 
designed and manufactured by the General 
Electric Company for Dynamic Developments, 
Inc. The 20,000 horsepower transmission design 





Fig. 11: Cutaway model of lower bevel gears with twin 
input shafts and single propeller drive shaft. 1 — input 
shafts; 2 — structural frame; 3 — input bevel pinion; 4 — 
mount; 5 — back-to-back pair of bevel gears; 6 — output 
shaft with flexible coupling to ship’s propeller shaft. 


phase has been completed, and construction is 
presently underway at G.E.s Gear Department’s 
facilities. 

Fig. 10 illustrates a typical packaged hydrofoil 
transmission. In this concept the over-all trans- 
mission is divided into several major sub-assem- 
blies, thereby adopting the aircraft philosophy of 
unit installation and maintenance, and the treat- 
ment of these packages as separate units. 

Such special features may be beyond current 
marine gear practice. However, the latest develop- 
ments in aircraft gears with respect to new 
materials, heat treatments, lubrication, and 
manufacturing, show the way to successful devel- 
opment of geared transmissions for hydrofoils. 

Additional technologies remain to be devel- 
oped and new requirements will challenge the 
designers. Lower fuel consumption, higher power 
to weight ratios, improved corrosion resistance, 
lighter weight gear transmission systems with 
higher power capabilities and better misalignment 
capacities, will allow greater speeds and increased 
displacements as foil efficiencies, propeller per- 
formance, and hull construction improvements 
move steadily forward. anal 


Fig. 8: The hull of the U.S. Maritime Administration’s 80-ton hydrofoil craft Denison shortly before completion. 


The superstructure has not yet been installed. 
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Rocket artillery plays a decisive part in the armament of the Soviet land forces. These very long rocket launchers mounted on 
armoured carriers fire large-calibre rocket shells without recoil. 


The Red Army Presents Arms 





missile is fired and is said to have a range of 40 miles. 


As early as the occasion of the 1957 November Parade in Moscow, the Red Army showed a medium-range rocket, comparable 
with the American Redstone and Pershing models. This rocket has meanwhile undergone further development, and is now 
being publicly shown in its new shape, with elongated body and conical housing for the motor. This vertically launched 
missile should have a range of approximately 625 miles. 
. 
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Ballistic short-range BB-2 rockets on Joseph Stalin tank chassis. The width of the rocket Short-range BB-1 type rockets on amphibian armoured chassis. The chassis resemble 
nose-cone leads one to assume that the charge is nuclear. The tubular jacket enclosing those of the PT-76 swimming reconnaissance tank, and are distinguished by their rela- 
the remaining part of the rocket body is apparently used to support the rocket and tively high speed. The warhead of this rocket could also take a nuclear explosive charge. 
protect it in transit, besides possibly affording a means of preheating the propellant at The BB-1 artillery rocket, indentified in large numbers by foreign observers, is said to 
low outside temperatures. After the launcher has been set up in an inclined position, the have a range of 16 miles and to be air-transportable, as is its armoured carrier. 


Side-lights from 
parades and 
manoeuvres 

of the tactical forces 





On the occasion of the last Naval Parade at Leningré 
these two ultra-modern Kotlin-class destroyers we 
on view. The four ships equipped with 10 cm anti-aireré 
guns, more than a dozen light machine guns, dep 
charges, and minethrowers, reach a maximum s 
38 knots and have displacement of 2,600 tons. The shit 
are liberally furnished with a radar and radio equipme!! 
Whereas the destroyer seen in the background has 
stern-mounted platform for helicopter operations, if th 
destroyer on the right (serial number 703) the reat #4 
barrel has been replaced by a special armoured launches 
evidently for firing long-range antisubmarine weapo® 
It is known that some Kotlin class destroyers aft 4 
present being fitted with launchers for surface-to-aif 4 
surface-to-surface missiles in place of the forward and 
10-cm gun turrets. The ships passing the destroyers on ty 
left each carry two torpedo tubes and a revolving t 
for light anti-aircraft machine-guns. A cowling (app 
rently for a quickly-rotating radar antenna) is visible 
a tripod mast behind the bridge. 
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Originally designed as a strategic bomber and since 
supplied with modern electronic equipment, the 
Tupolev twin-jet medium-range bomber (NATO code- 
name Badger) will, it is believed, also be used in future 
in a tactical strike role. The three aircraft pictured 
here (photographed at the July Parade of the Red 
Air Force at Tushino) are equipped with large air-to- 
ground guided missiles of the American Hound Dog 
type. The bomb aimer/navigator position in older 
aircraft of the same model has been replaced by a 
radome several yards long, which undoubtedly has 
some connection with the control system of the guided 
missile. 


The Soviet Army standard anti-aircraft rocket, shown for the first time in November 1957, has also undergone 
certain improvements. The latest version, pictured here, differs markedly from the original type. The rockets 
are clearly launched direct from the carriage developed as a trailer. 


> 
Captain V. Glinkin, commander of an artillery 
rocket unit, observes the terrain before him with 
his fire control sight and, with the aid of ballistic 
handbooks, calculation tables and instruments, 
determines the launching data for the next missile 
salvo. The precision telescope served by the fire 
control sight is used to ascertain direction and 
range of fire. 


< 


On the control bridge of a Soviet MTB. The 
commander (microphone in hand) has all navi- 
gational data before his eyes in the oblique con- 
sole. The pilot (left) is using an automatic bearing 
indicator to steer the ordered course. 
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Electronics in Aviation and Industry 


Research and Production News 


e@ De Havilland Canada (DHC), Downsview, Ontario, has 
developed a whip antenna lodged in a very small housing, which 
on radio command, can be extended to its full length of 75 ft. A 
steel tape barely 0.04 in thick is interwound on a drum with an 
equal length of mylar plastic tape. When the plastic tape is 
wound onto a second drum it draws the antenna tape out 
through a round fibre-glass sleeve. As a result of its special 
processing, the steel tape has a tendency to coil in overlapping 
fashion, so that it forms a tube as it extends. This provides the 
required rigidity, ensuring that the antenna neither bends nor 
sags. The antenna can be retracted into 
the housing when desired, making it 
suitable for a variety of uses apart from 
satellites and space vehicles. 











e@ Donner Scientific Company, Concord, Calif., manufacturers of accelerometers, test equip- 
ment, electronic computers, and ancillary equipment, is now offering the Type 3500 portable 
analogue computer, weighing only 28 pounds. This equipment is suitable for practical laboratory 
and industrial use, as well as for instructional purposes. The standard version has 10 amplifiers, 
and three computers may be slaved together to handle complex problems. This computer can be 
used to resolve, to an accuracy of 0.1 percent, almost any physical problem which can be ex- 
pressed in terms of differential equations. 











e FXR Inc., Woodside, N.Y., a division of Amphenol-Borg Electronics Corp., 
offers a new high-resolution frequency meter (S60—13) of great accuracy. It is coupled 
to the waveguide, and measures frequencies in the 7.5 to 9.6 Gc range with a precision 
of + 1 Mc/s throughout the temperature range from 32°F to 85°F. The frequency is 
read from a spiral scale graduated in megacycles, which is mounted on the screw 
which drives the tuning plunger. 
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e Cubic Corporation, San Diego, Calif., offers its 
versatile and adaptable AGAVE (Automatic Gimballed 
Antenna Vectoring Equipment) system, suitable as a 
long-range telemetry data receiver and for the acqui- 
sition and tracking of airborne targets. The system con- 
sists of an antenna system, a receiver, a servo amplifier, 
and a servo drive for antenna pointing. The VHF or UHF 
signals from an airborne source are received by the four 
antenna elements and compared with each other. Servos 
drive the antenna assembly so that the phase difference 
in the signals received by each pair of elements is 
eliminated. The orientation of the antenna thus de- 
termines the azimuth and elevation angle of the signal 
source. With an airborne signal strength of only 4-watt, 
the tracking range is several thousand miles. The azi- 
muth is measured with a precision of 0.5° for tracking 
rates of 10° per second. Elevation angles greater than 
15° are determined with the same precision, and those 
between 10° and 15° with one-degree precision. The 
photograph shows an AGAVE antenna array on the 
USNS Huntsville, a US Navy missile tracking ship 
equipped with the latest and most modern electronic 





gear. 








e Goodyear Aircraft Corp., Litchfield 
Park, Arizona is offering the Model 302, a 
light (11 Ib) and very rugged transistorized 
electronic tape printer. The printer can 
accept either conventional teletype coding 
(five element type) or specialised input data, 
such as the messages received in the 
FIELDATA code used by the US Forces. 
The only movable parts in the equipment 
are those used in the tape advance mecha- 
nism, since characters are printed by an 
electro-chemical process. The signals re- 
ceived are first amplified, then applied to the 
matrix coding block in the face of which are 
seven rows, each consisting of five printing 
dots, past which runs a tape of chemically- 
prepared paper. According to the form of 
the input signals, an electric charge is sent 
to the corresponding dots (diameter 0.010 
in), resulting in blackening of the paper. The 
maximum printing rate is 840 characters per 
minute. All components are easily re- 
placeable and, owing to the use of transi- 
storised and plug-in circuitry, are extremely 
reliable. 








e ACF Electronics, Riverdale, Md., a Di- 
vision of ACF Industries Inc., has developed a 
simulator, whose applications are far wider 
than those of flight simulators in general use 
so far. The MB-7 Flight and Tactics Simulator 
for the USAF Republic F-105D fighter-bomber 
takes care not only of the familiarization train- 
ing of pilots, but of training in every type of 
tactical mission for which the F-105D is de- 
signed. The first simulator of this kind was 
recently completed at Langley AFB for the 
US Air Force Tactical Air Command, and six 
more have been ordered by the USAF. 

The MB-7 simulator consists of a completely 
true-to-life reproduction of an F-105D cockpit, 
complete with all the instruments, including 
the NASARR radar screen (illustrated below), 
a control console for the instructor, projection 
equipment to display aircraft position and 





altitude (illustrated right), a NASARR map 
room and extensive electronic equipment. 
Nucleus of the installation is a high-powered 
analogue computer which provides “real” 
presentation of flight attitude, navigation data, 
and radar information, and even reproduces 
various noises. The instructor and his assistant 
can constantly follow the course of the 
simulated operation and “set up” every kind of 
disturbance and malfunction. The process 
that ACF Electronics has developed for realistic 
reproduction of radar information on the radar 
screen of the NASARR navigation and fire- 
control radar system is noteworthy. A three- 
dimensional terrain map and another grey- 


shaded map of the same region is housed ina 
separate room. Between the maps moves a 
gantry activated by three servo-mechanisms. 
A minute low-power light, which can move 
freely about three axes, representing the area 
of actual radar antenna radiation, illuminates 
the exact area of the terrain which would in 
practice be “picked up” by the airborne radar. 
A miniature television camera is linked to the 
light-source, and the “pickup” from both maps 
is fed to the computer for display on the pilot's 
scope. Coordination between the movements of 
the light-source and the manoeuvres carried 
out by the pilot is of such a high order that, 
should the pilot “fly” into a mountain, the light 
source will actually touch the map. Since the 
maps can be easily changed, a pilot can be 
familiarized with the terrain over which his 
programmed mission will lead him before the 
start of his flight. 
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e Beckman Instruments Inc., Fullerton, Calif., has delivered 
various items of equipment including an EASE computer and a 
Model 210 data processing system to the Analogue/Digital Comput- 
ing Centre set up jointly by NASA, the US Air Force and the US 
Navy at the Naval Air Material Center (NAMC) in Philadelphia. The 
Center is to supply statistical information regarding maneuvre loads 
occurring in aircraft control. The data obtained are used for the 


setting up of criteria for actual loads, and for the development of 
’ 





better airframes and aircraft components. The EASE computer pro- “ = =. | 

duces 19 variable outputs, for the display of the following parameters: , : a" igi 
airspeed, pressure, mach number, load factors, three angular velo- f $5 \ y Sige se tile pA GEE as 5 
cities and their derivatives, angles of bank and climb, and three cou- = Te . . eT = 
pling factors. The desired data are produced so quickly that the flight e Sperry Gyroscope Company, New York, is building the AN/FPS-35 
conditions of an aircraft are simulated in real time. The illustration surveillance radar, which is to play an important part in the American 
shows a 210 data processor set ready for a variety of duties: con- defence system. The first photo released for publication gives some idea 
version and processing of long-range telemetry data, windtunnel of the size of this radar. The antenna with its 40-ft high reflector weighs 
examinations, trial runs of solid-fuel rockets, etc. over 80,000 Ib, and is installed on an eight-storey concrete tower. 








e General Electric Company, Syracuse, New York, under a sub- (BMEWS) at Thule, Greenland, and Clear, Alaska. The picture at left 
contract with the Radio Corporation of America, is responsible for gives an idea of the impressive dimensions of the three reflectors at 
designing, developing, producing, testing and placing in operation the each station; they are 165 ft high and 400 ft wide. The lower picture 
huge radar installations of the Ballistic Missile Early Warning Stations shows two consoles, through which undesirable radar echoes (au- 
rora and storm clutter) are eliminated. This 
filtering is necessary to provide the data pro- 
cessing computer with clear signals, and to 
protect it from overloading. 
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Air Traffic Control in the Supersonic Age 


For the third time within a bare decade, air 
traffic control is expected to get ready to cope 
with a new generation of transports. First there 
was the turboprop, which could be dovetailed 
into the existing system with relatively little 
friction, except for some teething troubles, mainly 
of a local character. When, as the next stage, the 
airlines ordered a surprisingly large number of 
jets, considerably more serious problems emerged. 
Some of these are today still awaiting solution, 
for, in terminal areas, considerable delays are 
the order of the day, and very modern, high-speed 
aircraft are for the most part called upon to 
operate in areas where they do not enjoy the 
protection of air traffic control. Both the ATC 
authorities and the electronic industries are 
endeavouring—in some cases the effort is con- 
siderable—to develop an efficient system of 
control. But, to the initiated, the comparison 
which comes to mind is that of a fire brigade 
which has put off fighting the fire for so long 
that all it can do is bring up its last reserves to 
prevent the flames spreading to other objects. 


Have those responsible learnt a lesson from 
the ATC dilemma? We shall soon see, for there 
has for some time been talk of the supersonic 
transport which, again, spells a new generation of 
aircraft for air traffic control—a generation of 
higher speeds, more stringent operational con- 
ditions, and higher demands. Whereas the flight 
performance of jets was well known at the time 
they were ordered, it is not yet clear how the 
supersonic aircraft will look. To avoid an even 
greater fiasco, it is imperative to start planning 
into the system the aircraft which should be 
operational around 1970, irrespective of whether 
they will fly at Mach 3 or “ only ” Mach 2.2. 


Although, at the moment, the measures to be 
taken cannot be decided in any detail, it is possible 
to set out future tasks in broad terms. One should, 
however, avoid inappropriate optimism and base 
today’s consideration of the problems ahead on 
demands which may in the event prove too 
severe, rather than on too lenient conditions. In 
other words, if ATC planning is based on the 
demands of the Mach 3 aircraft, the problems 
can only shrink if, one day, the decision is in 
favour of the Mach 2.2 machine. It is also quite 
possible that both types will be developed and 
operated side by side. 

Some characteristics of the supersonic trans- 
port are already known, and can serve as the 
basis for current planning. The constructors have, 
for instance, reconciled themselves to the demand 
that future aircraft may in no circumstances 
require longer runways than those at present 
available on international airports. There is also 
a general demand that supersonic aircraft, when 
flying at subsonic speeds (mainly during flight 
in terminal areas), should operate at horizontal 
speeds comparable to those of today’s jets. This 
does not, however, mean that the same control 
procedures can automatically be applied, as the 
problem of fuel consumption at low altitudes 


will be considerably more delicate than it is 
today. For reasons of safety, a fuel reserve will 
of course always be allowed for, but if demands 
cannot be kept within tolerable limits, the whole 
supersonic transport project could lose its com- 
mercial interest. 


Navigation 


Reliable and precise navigation is one of the 
basic requirements for the supersonic aircraft. In 
cruise flight at Mach 3, for example, only one 
degree off course means that, in ten minutes, the 
aircraft has already a 5-mile lateral deviation from 
its proper course. Inaccuracies of this kind not 
only cause serious commercial losses but also 
involve such wide lateral separation of aircraft 
that the airspace is very quickly saturated and 
the flow of traffic jeopardised. 

The accuracy of today’s directional systems is 
therefore not adequate to allow their use as the 
prime aid in the navigation of supersonic air- 
craft. Such aircraft will, rather, be equipped with 
independent airborne systems, such as Doppler 
or inertial navigators, perhaps even Doppler/ 
inertial/astro systems. It is to be expected that 
the further development of such equipment in 
the next few years will also bring an increase in its 
accuracy and reliability. Today’s standard short 
distance navigation aids (VOR, DME, VORTAC, 
TACAN) should be used by supersonic aircraft 
solely in terminal zones and for calibrating and 
checking airborne equipment, always provided 
the accuracy of these aids can be improved. It will 
not be possible to do without a ground-based long 
distance navigation system, but present methods 
(Loran, Consol, Dectra, etc.) still require ex- 
tensive amelioration in respect of accuracy, 
reliability, and coverage. It is, moreover, con- 
ceivable that by 1970 navigation satellites will 
already be available for position fixing. 


Exchange of Information 


In the control of supersonic aircraft, it is 
extremely important to ensure that information 
can be exchanged smoothly and without delay 
between the pilot and ATC units. Today, the 
introduction of an automatic data-link is already 
deemed indispensable. In the age of the super- 
sonic aircraft, however, it is more vital than ever 
to have a data link which is capable of meeting 
very stringent demands in the way of reliability 
and faultless coverage of the long distances over- 
flown. VHF or VHF R/T will be used solely in 
terminal areas and for passing special messages 
(air emergencies, for instance). All routine 
messages, such as position, altitude and weather 
reports, clearances, instructions and so forth, 
would be exchanged by data link, probably using 
short wave single sideband techniques or even 
advanced VHF scatter links. There is also the 
possibility that, a few years hence, long-range 
relay satellites will provide smooth wireless com- 
munication and perfect coverage. 


Weather Forecasting 


For the planning and execution of a supersonic 
long-range flight, exact knowledge of weather 
conditions and far more reliable forecasting than 
hitherto are required. To achieve this, improved 
observation methods, extension of the area co- 
vered by forecast to greater altitudes, and fore- 
casts at short notice and at shorter intervals, 
coupled with immediate transmission of observa- 
tions and bulletins, are essential. Whilst the 
influence of wind is hardly noticeable at super- 
sonic speeds, temperature and air density are all 
the more important, and dispatchers must be 
kept constantly informed. It is also necessary for 
the pilot to be au fait at all times with the actual 
and forecast weather at his airport of destina- 
tion, since, before commencing the descent, he 
must take a decision, in the light of the fuel situa- 
tion, as to whether he wishes to fly on to an 
alternative airport. Another point is that both 
pilot and flight controller must be kept con- 
stantly in the picture as to the position and nature 
of storm clouds which, in some areas, extend to an 
altitude of 60,000 ft. At supersonic speeds, the 
hail often encountered in clouds of this kind 
would unfailingly lead to catastrophe. 


Separation 


In order to ensure the fluid movement of 
traffic, separation minima will have to be severely 
reduced as compared with the standard laid down 
at present. For example, 30 minutes longitudinal 
separation—the figure at present customary over 
the Atlantic—would lead to unused airspace of 
over 500 miles between two Mach 3 aircraft 
following the same route at the same altitude. 
And it can already be foreseen that supersonic 
traffic will be concentrated more heavily than the 
traffic of today on a small number of routes and 
identical altitudes. There are two reasons for this. 
Firstly, as the effect of wind at supersonic speeds 
can be left out of account, all aircraft wish to use 
the same route i.e. the great circle between the 
airports of takeoff and destination. Secondly, 
temperature and air density leave but little lati- 
tude for the choice of the altitude at which the 
flight can be carried out most economically. 

To what extent Jongitudinal separation is 
reducible cannot, however, be foreseen, as an 
interval between successive aircraft considerably 
smaller than that in force today could occasion- 
ally lead to below-minimum separation, thus 
making it necessary to change course or altitude 
at short notice; at supersonic speeds, this should 
be avoided at all costs and, indeed, at the traffic 
densities which are to be expected, is perhaps not 
even feasible at all. Reduction of today’s vertical 
separation norms—even with the use of radio 
height finding equipment over the ocean—seems 
impossible. On the other hand, /ateral separation 
over the Atlantic could be considerably reduced 
provided aircraft hold course with adequate pre- 
cision and provided exact position data are con- 
stantly available to ground stations. 
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Assembling Control Data - 


Reliable control of supersonic traffic requires 
a multiplicity of sources of position and altitude 
data. It will no longer be admissible to rely on a 
single source of information, namely data 
supplied by the pilot over the R/T, as is the case 
today. Present development work is already 
aiming at a solution of this problem. An efficient 
data link can take over the exchange of routine 
reports, it being even possible to feed the appro- 
priate coded data direct into the ATC computer. 
In this way, an ample amount of precise informa- 
tion concerning the position and altitude of the 
aircraft under control should be available to 
ground stations. At the same time, the data link 
permits control instructions, weather reports, and 
other information to be passed to the aircraft, 
where the data are displayed ona teleprinter or on 
other visual equipment. 

In addition to the traffic carried by the data 
link, radar observation of supersonic aircraft 
will be of major importance. In some years, high 
performance surveillance radar should be in 
operation, giving long-distance and high-altitude 
coverage. These panoramic radar installations 
will possibly be supplemented by heightfinding 
radar of equivalent performance. This will yield 
information concerning the absolute altitudes of 
aircraft in the terminal areas, whilst still being able 
to determine with the required degree of accuracy 
the relative altitudes of aircraft further away. 

Secondary radar, too, will render valuable 
services. It can complement the primary radar 
first and foremost in identifying aircraft and in 
increasing the range of coverage, and in ths 
avoidance of meteorological disturbances. The 
extent to which recourse can be had to secondary 
radar for the coded transmission of identification, 
positional, and altitude information remains to 
be seen. In any case, the possibility of obtaining 
a positive identification of the radar target ap- 
pears extremely attractive. 


Flight Planning 


As far as the dispatcher is concerned, flight 
planning for the supersonic transport demands 
much greater care and accuracy than for the jets 
of today. The final flight plan must feature con- 


siderably more details concerning the intended 
flight and contain the exact flight profile, includ- 
ing precise indications of cruising speed, rate of 
climb, and rate of descent in the individual phases 
of flight. An example of a flight profile of this 
kind is given in our box. 

The dispatcher feeds the flight plan direct into 
the ATC computer, which immediately makes the 
preparations for fitting the intended flight into 
the existing traffic pattern. The economic opera- 
tion of a supersonic aircraft is to a great extent 
dependent on an unhindered climb on the direct 
course and the clearance of the desired route and 
height from air traffic control. This, however, will 
be possible only through detailed planning, if not 
complete time-tabling, of the intended flight. 
Hitherto it has been ATC practice, when an 
unidentified radar target shows up, to instruct 
the pilot at short notice to carry out avoidance 
movements but, in the case of the supersonic air- 
craft, this procedure can be followed only in 
exceptional cases. During climb, avoidance 
manceuvres of this kind have very serious reper- 
cussions, and can even prevent the flight from 
being carried out as planned, owing to excessive 
fuel consumption. At supersonic speeds, an 
aircraft requires so much time for changing 
course by even a few degrees, that strict time- 
tabling of the supersonic flight sector and exact 
adherence to time-table seem imperative. Every- 
thing must be done to ensure that, during the 
entire supersonic phase, the flight can proceed in 
exact accordance with the flight plan and its 
clearance. 


Control Procedures 


As already mentioned, unhindered climb 
following takeoff must be made possible in this 
flight sect or, however, the high rate of climb facili- 
tates control. If the supersonic phase is based on 
pre-programming, it will be essential to take off 
within very narrow limits in terms of time. 
Provided that it is possible from the operational 
and technical points of view to adhere exactly to 
the takeoff time laid down in the flight plan and 
clearance, the assignment of a direct and imme- 
diate climb should not present any insuperable 
difficulties. Otherwise, exceedingly complex prob- 
lems will arise. 





As so far conceived, the flight pattern of a supersonic 
aircraft (Mach 3) would run on the following lines. Initial 
climbout (A) would be at a9,000f.p.m. rate up to 20,000 ft, 
and thereafter the rate of climb would gradually de- 
crease, from 8,000 down to 5,000 f.p.m. during this 
phase of the flight, the aircraft's speed is still subsonic, 
but from 45,000 ft the pilot increases the speed to over 
Mach 1 on a horizontal or slightly ascending flight path 
(B). After attaining supersonic speed, the aircraft 
climbs to the cruising altitude of 60,000 ft and mean- 
while accelerates to Mach 3 (C). In the ideal case, this is 
followed by the cruise-climb (D), i.e. the aircraft slowly 


Flight profile for a Mach 3 aircraft 


Flying time 


rises to its final altitude of 70,000 ft so that, as its weight 
diminishes due to fuel consumption, it always cruises 
at the most economical flight altitude. The descent is 
likewise divided into three phases, in the first of which 
(E) speed is reduced down to the sonic level as altitude 
is lost, and then (F) drops below Mach 1. Finally, an 
uninterrupted approach descent (G) precedes the 
landing. Thus, climbout and descent account for 
45 percent of the overall flight time (22 percent of 
the total distance), while the remaining 55 percent of 
the time suffices to cover the other 78 percent of the 
distance. 





Flight altitude (ft) 











32 min. (440 n.m.) 





82 min. (2,340 n.m.) 


36 min. (220 n.m.) 
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During the cruising phase, ATC can be limited 
largely to monitoring the course of the flight, all 
potential conflicts having already been eliminated 
when the flight programme was established. 
Whether the concentration of traffic on to a 
small number of routes and altitudes will allow 
a cruise-climb remains to be seen. It is more 
probable that aircraft will have to climb to their 
maximum cruise altitude in one or more stages. 


The greatest difficulties should be those arising 
in approach flight control in the terminal area, as 
the majority of the air traffic participants rightly 
refuse to be put at a disadvantage for the sake of 
the relatively small number of supersonic air- 
craft. It is nevertheless to be expected that, in a 
few years’ time, advanced aids and suitable 
methods will make considerably more fluid and 
smooth control possible in the terminal areas, too. 
For the approach flight of supersonic aircraft, 
procedures similar to those in use today for jets 
could be developed; these procedures allow 
uninterrupted descent prior to landing. 


In this connection, the following question 
arises. Within what limits—if at all—can the 
speed of a supersonic aircraft be adjusted? For it 
would considerably facilitate the planning of an 
approach flight if the controller or, as the case 
may be, the air traffic control computer could 
base planning on the aircraft’s leaving a 
specific starting point (at which it is already 
flying at subsonic speed, located at say 45,000 ft, 
the figure used in the example in our box) at a 
given time. To avoid delay, it must however be 
ensured that this time is not exceeded. Whether 
it is more advantageous to hold the aircraft a few 
minutes before commencing the descent, or for it 
to make an appropriate adjustment in speed, 
cannot as yet be determined. _ 

Since, during flight, the pilot is continually in 
receipt of up-to-date weather reports and bulle- 
tins, he is in a position to decide, prior to the 
descent phase, whether to make for an alternative 
airport. This will however occur only rarely, since 
automatic landing systems, in which field current 
development has already yielded encouraging 
results, should make the supersonic aircraft to a 
great extent independent of weather conditions. 
Since, on all important civil airports, at least two 
runways of equal standard will be available, even 
an unpredictable occurrence, such as an accident 
on one runway, cannot block the whole airport. 


Ak 


To operate supersonic aircraft economically, 
it is essential for procedures and aids to be 
standardized on a worldwide basis. Pilots must 
concentrate more than ever on controlling their 
vehicles, and a multiplicity of regulations and 
procedures becomes an intolerable burden. Air- 
borne equipment which is prescribed only in 
individual areas, and which can, in consequence, 
be used only to a limited extent, represents addi- 
tional weight, and the profit margin dwindles. 
Last but not least, military and civil authorities 
must come to an agreement that all supersonic 
aircraft operating in the same airspace be sub- 
jected to identical rules and controlled by the 
same ATC units. The basis of such an agreement 
must likewise take account of both the com- 
mercial viewpoint of the airlines and the tactical 
and strategic requirements of the air forces. 
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Jet Transport 
Take-Off 


by Heinz P. Frei, 


Convair Division, General Dynamics Corporation 


The jet airplane take-off may appear to be 
a rather simple and unproblematic matter, as 
seen from a passenger seat, but it is really one 
of the most carefully planned and closely 
regulated flight operations. It requires a 
thorough and conscientious preparation on 
the part of the operations people and con- 
siderable skill and good judgement from the 
pilots. Quite apart from those directly in- 
volved in airline operations, it may also 
provoke some mild interest in the ordinary 
taxpayer, who is understandably puzzled by 
the ever recurring item “runway extension” 
in the airport budget and already sees the 


A Convair 880 in the livery of Delta Airlines during the take-off flare. Within about one second the aircraft 
will have reached the end of the actual take-off distance or a height of 35 feet above the runway. Landing gear 
retraction has just commenced. 


day coming when it will be possible to go from 
city to city by driving “along the runway.” 

Parallel with the development of the com- 
mercial jet transport, the Federal Aviation 
Agency of the United States worked out new 
regulations prescribing the requirements ap- 
plicable to the type certification and opera- 
tion of this new generation of transport air- 
craft. The problem, obviously, was to adapt 
the rules, tailored to the modest performance 
and lightweight classification of the piston- 
engined aircraft, to the new, streamlined, 
powerful and fast, heavyweight champions 
of air transport. 
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Fig. la: The segmented take-off pattern for a piston-engined aircraft. The first sector (a) is the ground acceleration 
zero to the safety speed V.; (b) the first climb segment with landing gear extended; (c) the second climb segment with 
gear retracted; (d) 50 ft obstacle; (e) flight path at safe climbing speed. 


Fig. 1b : The continuous pattern for a jet aircraft. Sector (a) represents the ground acceleration with the nose wheel 
on the ground; (4) the rotation segment; (c) the lift-off and flare segment; (d) 35 ft obstacle. Vr = Rotation speed. 


VLo = Lift-off speed. Vog = Obstacle speed. 
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For the piston-engine airplane it was suf- 
ficiently realistic to approximate the take-off 
maneuver from brake release to a certain 
height above the runway by a series of 
straight segments, representing the ground 
acceleration to a selected take-off safety 
speed, V,, a first climb segment with landing 
gear extended, and a second climb segment 
with landing gear retracted. During both 
climb segments the speed was held equal to 
V,. For an airplane with given aerodynamic 
and thrust characteristics, this speed con- 
stituted the major take-off parameter, ensur- 
ing both safety of operation and determining 
the required runway length (Fig. Ja). The two 
basic elements of take-off, speed and distance, 
were related in a rather simple fashion; a 
higher speed resulting in a longer take-off 
distance. Therefore, a major design goal was 
to keep the speed V, as low as possible, and 
the Civil Aeronautics Regulations of the 
United States made sure that this was not 
done in a fashion which would have endan- 
gered the safety of the aircraft. 

After the first experience gained with jet 
airplanes, it was soon realized that this sim- 
plified method no longer adequately repre- 
sented an actual take-off maneuver. While the 
straight-wing, piston-engine powered aircraft 
lifted off almost by itself, the swept-wing jet 
airplane required a distinct rotation from the 
ground roll to the lift-off attitude, and 
obviously it was important when this rotation 
would be initiated. Therefore, a great deal of 
attention was focussed on the new rotation 
speed, Vr, as an additional take-off parame- 
ter. Furthermore, the considerable amount of 
excess thrust available after lift-off made the 
assumption of a constant speed during the 
first climb segment highly unrealistic. Conse- 
quently, this straight line segment was re- 
placed by the actual take-off flare, defined as 
the distance between the point of lift-off and 
an imaginary obstacle having a height of 





Required field tength (1,000 ft) 


aad 
Vs 


Rotation speed/Minimum speed 





_ 
. 

— 
A 


oO 
fee) 


~ 
. 


Oo 
yy 





Required field tength (1,000 ft) 


speed/ 








35 feet. The limiting speeds of the new seg- 
ment were the lift-off speed, Vio, and the 
obstacle speed, Voz. The revised procedure, 
consisting of ground acceleration, rotation 
and flare segment, was called continuous 
take-off. (Fig. 1b). 

A great portion of the new take-off regula- 
tions is dedicated to the limitations placed on 
rotation, lift-off and obstacle speed. However, 
before discussing them, it may be appropriate 
to consider some factors affecting their 
relationship, because it is obvious that chan- 
ging one of them will also displace the other 
two. Prominent among the factors affecting 
the rotation are elevator deflection, stabilizer 
setting, center of gravity location and the 
relative speed level, which is most conveni- 
iently expressed in terms of Vr/Vs, where 
Vs is the stall speed, or minimum flight speed, 
of the airplane. Most of the effects can be 
predicted with a good degree of accuracy. 
The important elevator term, however, is 
strongly affected by pilot technique, and the 
most reliable predictions applicable to routine 
operations will probably have to be based on 
experience gained during the certification of 
the particular type of airplane involved. The 
relationship between the lift-off speed and the 
obstacle speed is essentially determined by the 
selected flare angle of attack and the thrust 
to weight ratio. Naturally, in order to break 
away from the ground, the pilot will strive 
to attain as high an angle of attack as possible. 
In this he will be restricted by the onset of flow 
separation, manifested by wing buffeting. 
Holding the airplane slightly below this 
“buffet” angle of attack will constitute the 
optimum flare technique and will provide a 
basis for relating obstacle speed to lift-off 
speed. 


Fig. 2: The required rotation speed and take-off field 
length related to take-off weight (see text). (a2) Minimum 
distance; (6) Vto = 1.05 VLOyin @ engines); (c) 
VLO = 1.10 VLOygn (4 engines); (2) Voz = V2. 
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Fig. 2 shows a typical plot of limiting rota- 
tion speeds as a function of take-off weight, 
as explained below: 


1. In recognition of the fact that there will 
still be a considerable amount of acceleration 
after lift-off, the take-off safety speed (V,.) in 
the new regulation, is no longer required to be 
attained at lift-off, but is required upon 
reaching the obstacle at the end of the runway. 
Hence no Vz is permitted resulting in less 
than V, at the obstacle. 


2. Controllability of the airplane in case of 
an engine failure is assured by the require- 
ment that no rotation shall be attempted at a 
speed below 105 percent of the demonstrated 
minimum control speed. This speed is the 
minimum speed at which the yawing moment 
associated with an asymmetrical thrust con- 
dition can be balanced. It is, to a large degree, 
dependent on the effectiveness of the rudder. 
Recent design trends show that great efforts 
are being made to increase rudder effective- 
ness and reduce minimum control speed. 


3. In addition to these limitations, a safe- 
guard has been built in to prevent the airplane 
from being unable to lift off at the end of the 
rotation. This results in ground acceleration 
in a high drag attitude which could well spell 
disaster on a short runway. This particular 
safeguard specifies a rotation speed that will 
result in lift-off at not less than 10 percent 
above the minimum lift-off speed with all 
engines operating, or at not less than 5 per- 
cent above the minimum lift-off speed with 
one engine out. 


All the speed limitations above are intended 
to ensure safe flight conditions during the 
take-off, and are not primarily concerned with 
runway distance. The take-off distance will be 
different, depending on whether or not an 
engine failure occurs. Since the “one engine 
out” situation was always the critical one, the 
old regulations did not require a check on the 
normal take-off distance. However, the jet 
airplane, due to its higher acceleration capa- 
bilities coupled with an increased effect of 
pilot technique after the rotation speed has 
been reached, displays a certain tendency to 
overshoot the normal take-off distances 
established during airplane certification. 
Therefore, the new regulations specify that 
the required runway length be not only equal 
to the “one engine out” take-off distance, but 
also to 115 percent of the “all engines operat- 
ing” distance. 

By looking at Fig. 3, which shows the effect 
of rotation speed on take-off distance, we 
find that both the 4- and 3-engine take-off 
distances exhibit a minimum point, but at 
different rotation speed levels. However, 
neither can be utilized, because only points on 
the envelope meet the regulations. Thus, the 
minimum required field length, based on dis- 
tance considerations alone, is obtained at the 
Vr/Vs defined by the intersection of the two 
curves (line B in Fig. 3). But even this mini- 
mum distance is not sufficient if one of the 
safety requirements discussed previously 
forces Vr/Vs to an even higher level (line C 


220 in Fig. 3). The rotation speed required for the 


actual operation of the airplane is given by 


the envelope of Fig. 3, which also shows the 
associated required field lengths. 

' To complete the picture on jet airplane 
take-off, some additional consequences of an 
engine failure must be considered. An engine 
failure results not only in a considerable loss 
of excess thrust required for acceleration and 
climbout, but also creates some unpleasant 
lateral directional control problems. This 
latter effect is unique to swept-wing aircraft 
where even small angles of sideslip, which 
invariably occur during the first few moments 
after an engine failure, produce rolling 
moments large enough to call for immediate 
spoiler extension on the upstream wing. The 
restrictions placed on the take-off speeds of 
commercial jet operations greatly reduce the 
controllability hazards of an engine loss 
during take-off. Despite this, great efforts are 
being made by the manufacturers to improve 
the situation by either eliminating the yawing 
moment of the dead engine through a 
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Fig. 3: Effect of rotation speed level A— Vog = bi; 
B — Best VR/Vs based on distance considerations only; 
C— VLo = 1.05 VLOyIN: 


Caravelle-type power plant arrangement, or 
by providing automatic yawing moment 
compensation. 

The effect of an engine failure on take-off 
distance depends on the point at which it 
occurs. If this is very soon after brake release, 
the pilot will immediately cut the remaining 
engines and stop the airplane within the 
shortest possible distance. This distance 
increases proportionally to the square of the 
engine failure speed, called V,. Its maximum 
value is thus determined by the available run- 
way length. If the engine fails after this 
critical V, speed, the pilot is committed to 
take off on the remaining engines. Despite the 
reduced performance, all the safety require- 
ments have to be satisfied and, as might be 
expected, these are normally the most restrict- 
ive. 

It is hoped that the reader will by now be 
convinced that no effort has been spared to 
make the jet airplane take-off as safe as 
humanly possible, without increasing the 
required field length beyond what is abso- 
lutely necessary. The fact that the transition 
from piston-engine to jet airplanes was 
achieved without any major disaster testifies 
to the success of the endeavour and bestows 
due credit on the regulatory agency, the 
manufacturers, and the people who operate 


the airplanes. — 


INTERAVIA 10/1961 1433 




















New Soviet Military Aircraft 


by the Interavia Study Group 


For months, the aeronautical press has been 
speculating about the new Soviet military aircraft 
which were demonstrated at the air display held 
in July at Tushino, to mark Red Air Force Day. In 
Interavia 8/1961, we published a first report in the 
form of photographs, which we are now amplifying 
with further information and a series of 1:400 sil- 
houettes of the most important types of aircraft. 
These drawings have been prepared by Jnteravia on 
the strength of the photographs and information 
available and may be taken as authentic. Thus, our 
report will enable the reader to compare the relative 
size of the aircraft in question, as well as provide 
revealing pointers to the trends in aircraft construction 
in the Soviet Union. 

Apart from several jet types which are already 
well known, over a dozen new models were displayed 
at Tushino. Whilst these were to a certain extent 
already known to Western observers, this was the first 
opportunity to observe them at close quarters. The 
aircraft in question, which are either already in series 


production or should be going into production in the 
immediate future, are as follows: 


1. Single-jet delta-winged supersonic fighter by 
Mikoyan (NATO code name: Fishbed). 


2. Single-jet delta-winged supersonic fighter by 
Sukhoi (NATO code name: Fishpot). 


3. Single-jet swept-wing supersonic fighter, also 
by Sukhoi (NATO code name: Fitter). 


4. Twin-jet delta-winged supersonic all-weather 
fighter by Mikoyan. 


5. Twin-jet supersonic all-weather fighter with large 
radome, developed by Yakovlev (NATO code 
name: Flashlight C). 


6. Twin-jet multi-purpose combat aircraft by 
Yakovlev, similar to Flashlight C but with fully 
glassed-in fuselage nose and a radome below the 
fuselage (NATO code name: Flashlight B). 


G — Four-jet long-range bomber for moderate supersonic speeds, probably by 
Miasichev (NATO code name: Bounder). 





Scale 1: 400 
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7. Twin-jet two-seat combat aircraft and all-weather 
interceptor, clearly also a Yakovlev design. 


8. Twin-jet supersonic medium-range bomber, sup- 
posedly by Tupolev. 


9. Four-jet long-range bomber for moderate super- 
sonic speeds, probably by Miasichey (NATO 
code name: Bounder). 


10. Medium turbo-helicopter with co-axial double 
rotor, by Kamov. 


11. VTOL aircraft comparable to the British Roto- 
dyne, powered by two Ivchenkov gas turbines, 
which drive two propellers or two four-bladed 
rotors, as required. 


12. Large crane helicopter with long-legged under- 
carriage, a development of the heavy Mil Mi-6 
transport helicopter. 


13. Twin-jet naval combat flying boat with swept 
wing and tailplane, supposedly by Beriev. 


In addition to the types listed above, the two well- 
known medium/long range bombers designed by 
Tupolev (NATO code names: Badger and Bear) were 
to be seen, but in new versions with long-range air-to- 
ground missiles and large-size radar equipment under 
the fuselage nose. These two guided missiles and 
another, larger, guided missile on the twin-jet super- 
sonic bomber (8) will be the subject of more detailed 
discussion in a later issue. Two prototypes of delta- 


F — Twin-jet ‘supersonic medium- 
range bomber, supposedly by Tu- 
polev. 
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winged fighters, with conventional tailplane and 
rudder, belonging to the Mach 2+ class, were pre- 
sented. Like nearly all the other combat aircraft shown 
at Tushino, these carried rockets. All in all, this is 
undoubtedly a respectable arsenal of military aircraft 
which, taken in conjunction with the types already 
known, may be said to take in the whole range of 
military air matériel. The effort made by the Soviets 
in creating this multifarious collection of aircraft, over 
and above the production of rocket-powered long- 
range weapons and space vehicles, is even more 
striking if it is remembered that all these aircraft have 
been created in the space of a few years. Unfortun- 
ately, in view of the limited space available in this 
article, we can do no more than select the most 
important types and briefly analyse each in turn. 


* 


The Mikoyan supersonic fighter of which the NATO 
code name is Fishhed (Silhouette A) has been observed 
for quite a long time in service with the Soviet Air 
Force, as well as in the air forces of certain Iron 
Curtain countries. This multi-purpose fighter, in the 
Mach 2 category, is designed primarily for the support 
of ground troops in forward areas and for the pro- 
tection of important points, but without all-weather 
capability, which is hardly to be attributed to this 
machine. The armament of the Fishbed shown at 
Tushino consisted of several large-calibre aircraft 
cannon and two air-to-air rockets, with a striking 
resemblance to the American Sidewinder. One of the 
aircraft demonstrated was fitted with an auxiliary 
liquid-propellant rocket engine (under the fuselage) 
to give enhanced climb performance, others again had 
solid-propellant rocket boosters for STO. 

The Mach 2 jet fighters Fishpot and Fitter, thought 
to be the work of Soviet designer Pavel Sukhoi, differ 
externally only in respect of their wing. Fishpot 
(Silhouette B) has a delta wing, whilst Fitter has a 
sharply swept wing with a straight trailing edge on the 
inboard section. Both types are with formations and 
are said to be primarily for interception purposes. 
Since no all-weather fire-control radar can be identi- 
fied in either type, they appear to be suitable only as 
fine-weather fighters or for interception with auto- 
matic radar control from ground. The Fishpots 
observed at Tushino carried a large auxiliary fuel tank 
below the fuselage and four air-to-air rockets apiece 
under the wings, whereas the Fitters have cylindrical 
launcher/containers for non-guided air-to-air rockets. 

Considerable attention was attracted by a new 
supersonic all-weather fighter with two adjacent jet 
engines in the stern of the fuselage, and a large central 
intake diffusor in the fuselage nose, which at the same 
time serves as a radar nose (Silhouette C). This delta- 
winged aircraft, which is in a certain sense comparable 
to the British P./ B Lightning, is undoubtedly intended 
for long distance interception of supersonic bombers, 
a conclusion which is also borne out by the powerful 
14-ft long air-to-air rockets carried under each wing. 
The two turbojets with afterburners should be more 
powerful than those in the Lightning. Judging by the 
intake geometry, the maximum speed of this model, 
termed supersonic by the Russians, might be nearly 
Mach 3. It would thus constitute the counterpart of 
the projected American F-108 fighter, which has 
meanwhile been abandoned. 

The two-jet multi-purpose Yakovlev Yak-25 fighter, 
which was put in the sky at Tushino as early as 1956, 
has in the last few years given rise to further versions, 
which have been built in series. Amongst these are the 
interceptor version with highly swept wing and tail- 
plane and now the pointed radar nose (NATO code 
name: Flashlight C) and the ground attack version 
with glassed-in nose, as illustrated in Jnteravia 8/1961. 
Both these versions enjoy full all-weather capability 
and have afterburner engines and air-intake openings 
with central diffuser. Their chief characteristics are a 
straight wing trailing edge, sharply protruding wing 
nose between the engine nacelles, and an extremely 
swept tailplane. Both are canable of speeds in the 
neighbourhood of Mach 1 and have a relatively large 
radius of action. Under each wing of the Flashlight 
was to be seen a missile with cruciform delta wings 
and forward rudder fins. 

The Backfin multi-purpose combat aircraft has been 
known for three years but apparently never produced 
in series. This year, for the first time, the Soviets 
showed a two-jet low-wing monoplane, with its engines 
in the rear of the fuselage (see Silhouette E). This 
model, which is over 80 ft in length and roughly com- 
parable to the US Navy’s carrier-borne A3J Vigilant, 
conforms with the trend noted in nearly all modern 


Soviet military aircraft, in closely following the area 
rule. Each of the air-intake openings on both sides 
of the front section of the fuselage has a semi-conical 
diffusor (same style as the F-104 Starfighter), the 
configuration of which leads one to conclude that the 
aircraft is designed for maximum speeds in the neigh- 
bourhood of Mach 2. Other features are two drop- 
shaped fairings on the wing trailing edges to receive 
the undercarriage; a large ventral housing under the 
centre portion of the fuselage (extra fuel or radar ?); 
two keel fins under the fuselage, aft; a swept and 
tapered fin with an air-intake moulded into the 
leading edge at the fin root; and a large radar nose. 
At Tushino, two-seat aircraft, designed for all-weather 
operation, carried a large-calibre guided missile (about 
15 ft long) under each wing, which has four cruciform 
delta wings and four control fins of strikingly high 
aspect ratio. 

A complete surprise for Western military observers 
was a twin-jet supersonic bomber, possibly by Tupo- 
lev, with the engines installed at the rear on either side 
of the fin. This strategic bomber, which is designed 
for refuelling in flight, could be roughly compared in 
dimensions to the British TSR.2, which is under 
development but destined for different purposes. This 
aircraft, with a fuselage over 100 ft long and several 
crew, can be considered the successor of the well- 
known Tupolev Badger jet bomber. One of the 
examples shown at Tushino carried a strategic air-to- 
ground missile, half in the bomb bay, which is also 
shown in our drawing (Silhouette F). The entire 
fuselage nose is apparently entirely taken up with 
radar equipment; the windows at the front of the 
fuselage serve as an outlook for the bombardier or for 
reconnaissance cameras. In the stern of the fuselage, 
under the engines, can be seen a fire-control radar 
for a tailgun. Other features are a marked lateral 
bulge at the rear position of the fuselage (in our 
illustration this is obscured by the engines); drop- 
shaped fairings for the undercarriage on the wing 
trailing edge; highly swept tailplane with sharply 
angled tips: a protrusion above the fuselage nose, 
apparently housing a retractable in-flight refuelling 
probe. Since this twin-jet bomber was demonstrated 
in formation flight, it is to be assumed that it has 
already been issued to units. 

Four years ago, a four-jet delta-winged bomber, 
which has since been given the NATO code-name 
Bounder and is probably a Miasichev design, was 
observed over Russian territory (Silhouette G). The 
Bounder, more than 164 feet long and having an 
estimated weight of 175 tons (according to Soviet data 
released in connection with a speed/payload record 
in autumn 1959) has four engines each of 28,600 Ib 
thrust; the afterburners of both inboard engines 
should give nearly 20 tons thrust per engine at 
takeoff. One may assume therefore, that the Pounder 
cruises at high subsonic speed and can make its target 
approach flight at high altitude at a supersonic speed 
of Mach 1.3-1.4. All types and calibres of armament 
can be transported in the 39-ft long bomb bay, and 
the range should be sufficient for an Atlantic-crossing 
without refuelling. At present, no Western air force 
possesses a counterpart to this powerful bomber, 
which, on account of its high speed, could confront 
the American air defence with new problems. 


* 


Space considerations prevent us from discussing 
the development of Soviet helicopters, the VTOL 
aircraft, and the new Beriev jet flying-boat. As regards 
the combat aircraft already mentioned, certain deve- 
lopment tendencies which reflect the Soviet designers’ 
cautious and methodical progress are easily recogniz- 
able. Unorthodox experiments with fundamentally 
new configurations have, with one exception, been 
avoided and dominating features are either the classic 
delta-wing—using horizontal tail assembly and fins— 
or the swept wing with, as a rule, bodies fitted at the 
wing trailing edge which also receive the main under- 
carriage. Nearly all aircraft have boundary layer 
fences on the top side of the wings. The tandem main 
landing gears, with sunporting wheels at the wing 
tips-as seen in the familiar fan-jet long-range bember 
Bison—are also to be found in the delta-winged 
Bounder bomber. A striking feature is the arming of 
nearly all fighters, fighter bombers and multi-purpose 
combat aircraft with a diversity of air-to-ground and 
air-to-air missiles. 

The fact that even strategic bombers are now 
equipped with long-range air-to-ground missiles indi- 
cates the considerable progress made by the Soviet 
aviation industry since the last but one Moscow Air 
Show in 1957. 





A — Single-jet delta-winged supersonic fighter by Mikoyan 
(NATO code name: Fishbed). 


~& 


B — Single-jet delta-winged supersonic fighter by Sukhoi 
(NATO code name: Fishpot). 


C — Twin-jet_delta-wingedZsupersonic all-weather fighter 
by Mikoyan. 
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D — Twin-jet supersonic all-weather fighter by Yakovlev 
(NATO code name: Flashlight C). 




















E—Twin-jet two-seat combat aircraft and all-weather 
interceptor, clearly also a Yakoviev design. 


INTERAVIA 10/1961 1435 





Book Reviews 


Arbeitsgemeinschaft Deutscher Verkehrsflug- 
hafen (ADV), Stuttgart, Series 


Betriebstechnische Erfordernisse fiir Flughifen im 
Diisenluftverkehr. — By Dr. Ing. Werner Treibel 
and Dipl.-Ing. Robert Grosch. — Privately pub- 
lished, Stuttgart, 1960 (German; 59 pages with 
numerous illustrations; paper; price DM. 18.—). 


Five years ago the Arbeitsgemeinschaft Deutscher 
Verkehrsflughaéfen (Association of German Airports) 
was asked to investigate the requirements for the 
design and operation of airports to accommodate jet 
aircraft. This is the third and last report on its 
findings. 

The first part deals with apron questions, consider- 
able space being devoted to ground service equipment, 
including tankers, power supply equipment, starters, 
air-conditioning equipment, cargo and baggage 
vehicles, apron buses, passenger stairs, and so on. 
Here, in the form of well-reasoned recommendations 
and tabulations, is all the basic information to guide 
the airport operator in making a sound choice of 
equipment for the apron services. The second part 
of the report covers the configuration of the apron, 
for instance aircraft loading points, jet deflector 
barriers, etc. The appendix lists 65 references to 
literature, which underlie the report. 

Although traffic handling techniques have, in the 
last few years, developed into an imposing science, 
airports have in this respect always lagged behind 
roads and railways. For this reason, a fruitful study 
undertaken by an organization specializing in air 
traffic is most welcome. A research report of this 
kind will undoubtedly be of interest far beyond the 
frontiers of Germany. Pr. 


AVIATION BOOKS 


Vortrige und Ansprachen anlisslich der Jahresver- 
sammlung der ADV am 24. Mai 1960 in Bremen. — 
Privately published, Stuttgart, 1960 (German; 68 
pages; 48 illustrations; paper; price DM. 9.—). 
It is the habit of the ADV (Association of German 

Airports) to use its annual general meeting as an 

occasion on which internationally recognized special- 

ists give their views on current air traffic problems. 

Last year, apart from guest speakers, addresses were 

given by Bertil Florman, Chief Executive of Stock- 

holm Airport; Hans Siissenguth, a Director of Luft- 
hansa; and Professor Georg Backhaus, a Director of 
the VEB Flugzeugwerke, Dresden. These three papers, 
preceded by the introductory addresses of the Mayor 
of Stuttgart and of Werner Kreipe of the German 

Federal Ministry of Aviation, are included in this 

volume. The first paper, entitled “Plan for an 

International Airport—based on the example of 

Stockholm-Arlanda”, shows what compromises 

have to be made in the construction of an airport, 

from the choice of site and the architectural style to 
the reserves which have to be made to cover future 
developments. In this paper “Speed in the Air, 

Speed on the Ground” Hans Siissenguth gives the 

user’s point of view and emphasizes how far air 

traffic is from a really ideal state of development. He 
gives an astonishing comparison of two flight sche- 
dules for the Hamburg-Vienna route: in 1939, an 

He.111 (cruising speed 177 m.p.h.) took 5% hours 

for the total journey, including 5 intermediate stops; 

in 1960, the 65 percent faster Super Constellation— 
with only two intermediate landings—actually took 

5 minutes longer! It is gratifying that this paper 

contains, besides much justified criticism, a good 

many constructive suggestions for improvements. 

The last contribution, “ The Influence of Economic 


Demands on the Development of Air Transport ” by 
an aiicraft designer, analyses the connection between 
aircraft design parameters and their direct operating 
costs. Pr. 


Die Stellung der deutschen Verkehrsflughifen im 
innerdeutschen und im internationalen Luftverkehr.— 
Privately published, Stuttgart, 1960 (German; 
33 pages; 13 illustrations, 5 tables). 


The Federal German Republic has ten airports, 
Berlin included. In view of the short distances (70- 
430 miles) separating them, it has been proposed in 
various quarters that some be taken out of the inter- 
national network and used solely as domestic air- 
ports. By means of flight plans and traffic statistics, 
the ADV proves that this could lead to a serious 
reduction in passenger numbers, since the advantage 
over railway travel in terms of time would be drastic- 
ally reduced by additional time spent in changing 
planes. 

These considerations do apply exclusively to the 
situation in Germany, but may hold good to a certain 
extent for every country with a decentralized economy 
and administration. Pr. 


Books Received 


Scientific and Technical Publications of the Ministére 
de l’Air. — Issued by the Service de Documentation 
et d’Information Technique de |l’Aéronautique, 
Paris, 1960-1961. 

No. N.T.95: Contribution a l’étude des caractéris- 
tiques vibratoires non linéaires d’une éprouvette en 
matériau plastique, by Charles Hervé. 


CLASSIFIED ADVERTISEMENTS 


1 PBY-5A. Two crew. Cargo doors and floor. 
Extra windows, removable airline seats and tables, 
galley, etc. No corrosion. New C. of A. on delivery. 
Available now. Apply Box 357. Interavia, Geneva 11 
(Switzerland). 








FREE—TO ALL 


An International Survey of Air-traffic 
EE AE RG EG RE 


READERS OF ARBOROUGH FLIEGER-JAHRBUCH 1962 
THIS mee Ser OnE MOLUMES Om To Edited by Heinz A. F. Schmidt 
MAGAZINE =a 


The new year book concentrates even more than the 
previous editions on what is happening in aviation in the 
socialist countries, and helps to keep the Western expert 
informed by means of carefully selected contributions on 
aviation developments and problems in the socialist States. 
The reader will become acquainted with different forms of 
organization in civil aviation and will, moreover, find critical 
assessments of the development trends in Western aviation. 
New productions of the aviation industry throughout the 
world, with special reference to aviation in the Socialist 
countries, are reviewed in magazine-style. Some of the 
contents: — development of jet traffic; the Polish LOT airline; 
the new order in civil aviation in East Germany; the West 
German Lufthansa partners; some of the creations of the 
Soviet aircraft designer O. K. Antonov; VTOL aircraft; 
review of jet airliners; on the road to fully automatic flight; 
aviation equipment; aircraft from all parts of the world; the 
Berlin-Schénefeld central airport; problems of supersonic 
traffic. 


About 172 pages with extensive illustrations, clothbound, dust cover, 
price DM 14.80 


Obtainable from local booksellers or direct from the publishers. 


TRANSPRESS 


VEB VERLAG FUR VERKEHRSWESEN, 
BERLIN W8, FRANZOSISCHE STRASSE 13-14 


A unique service never 
before offered to the 
“ Aviation Public " ! 
two large illustrated 
catalogues describing 
fully—with reviews by 
“HARLEYFORD'S” 
technical staff—over 
45 aviation books now 
inissue. Full specifica- 
tions as to size, weight, 
styleand binding,num- 
ber of words and num- 
ber of illustrations, are 
given in regard to all 
of these books. 





HARLEYFORD PUBLICA 
LETCHWORTH - a nag Mr 











Harleyford specialises solely 
in the production of Aviation 
Books which are produced by its 
own staff (see illustration above) 
of editorial writers, draughts- 
men and artists. Over 25 years 
experience in the production of 
a quarter of a million books ! 


Write your name and address on a postcard, and post to 
the address below: 


HARLEYFORD PUBLICATIONS LTD. Dept. 1/A 
LETCHWORTH, HERTFORDSHIRE, ENGLAND 
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SAFEGUARDING 






ACCURACY 


TACAN TEST SET TYPE 10166 for pre-flight and bench 
testing of airborne equipment. Developed for the Ministry 
of Aviation and supplied to:— 

ROYAL AIR FORCE 

ROYAL NAVY 

ROYAL CANADIAN AIR FORCE 


G.& E. BRADLEY LIMITED 
Electronic Research Engineers & Manufacturers 
ELECTRAL HOUSE e NEASDEN LANE e LONDON, N.W.10 


Telephone: DOLLIS HILL 7811 Grams: BRADELEC, LONDON, N.W.10 























Helicopter a 
certificated by the R.A. 
AGUSTA-BELL 102 to CAR. standards 





Characteristics 
Engine rating 600 h.p. 
Overall weight 6,008 Ib 
Payload 2,017 Ib 
Maximum speed 110 m.p.h. 
Cruising speed at 1,950 feet above 

sea level 99 m.p.h. 
Service ceiling in forward flight 

(max. weight) 12,800 ft 
Hovering ceiling within the 

ground effect 8,100 ft 
Endurance with normal tanks 3 hours 20 min 








The most recent product of 


COSTRUZIONI 
AERONAUTICHE 


ae: ZY GIOVANNI 
CERRY 7 AGUSTA 
o CAMPO DI GASCINA COSTA - GALLARATE (ITALY) 
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N 
B.0.0.C., C. 


offer fastest service be- 
tween London and South 
Africa by Boeing Strato- 
jet. 

In association with B.O. 
A.C.,C.A.A.,and E.A.A., 
South African Airways 
offer 13 jet flights a week 
each way between Lon- 
don and Johannesburg. 
A service every day. 


also provide high-fre- 
quency service covering 
the whole of Southern 
Africa, with Viscounts 
on all main routes. 


ASSOCIATION 


SOUTH AFRICAN AIRWAYS 


SOUTH AFRICAN AIRWAYS 


witTtH 


A.A., E.A.A., AND QANTAS 

















SOCIETE DE CONSTRUCTION DES AVIONS HUREL-DUBOIS 


Route de Verriéres — MEUDON — Tel. OBS. 27-90 





AIRCRAFT IN OPERATION 
H.D. 34 — Specially adapted for the photographic work of 
the INSTITUT GEOGRAPHIQUE NATIONAL. 
EIGHT aircraft in use. 


AIRCRAFT UNDER DESIGN 
H.D. 130 — Light transport for passengers and freight 
Wide operational capability 
Ability to operate from short and rough landing 
gles at altitudes and high ambient tempera- 
ure, 


Without payload penalty. 
Twin Astazou II turboprops of 530 h.p. 
12 to 15 passengers. 2,200 lb over 625 miles. 
225 m.p.h. cruise. 
H.D. 150 — Military liaison aircraft project. 
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in new fields of flight 


~REFRASIL INSULATION 


The P1127’s Bristol Siddeley BS53 lift/thrust ducted fan 


engine features movable jet nozzles forvertical or hori- 
zontal thrust. Note Refrasil blankets. ( Arrowed.) 


Refrasil is as vital for the newest jet air- 
craft as it has been since jet flight began. 
Refrasil blankets can withstand con- 
tinuous temperatures of 1000°C. They are 
precision-built to a very high standard by 
skilled engineers to suit the specific needs 
of a development programme or other 
special application. A prototype shop is an 


invaluable part of the Design, Technical 
Advisory and Maintenance services 
operated by Darchem Engineering before 
and after sale. And another production 
point: no aircraft programme has ever 
been held up for deliveries. Whenever you 
have an insulation problem it pays you 
to consult Darchem Engineering. 





DARCHEM ENGINEERING LTD 


BRITISH REFRASIL DIVISION +« STILLINGTON - STOCKTON ON TEES - CO. DURHAM 
A Member of the Darlington Chemicals Ltd. Group of Companies. DE(a.b.)2 












The Hawker P1127 experimental 
VTOL aircraft is fitted with Refrasil 
lightweight blankets 
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‘To : EUROPE 
THE Pisco EAST @ Weighs only 8 pounds complete ! 


@ All-Transistorized 


_ KARACHI @ Draws only .54 Ampere 
BOMBS AY S @ BFO available as optional feature 


@ Completely self-contained, mounts on instrument panel 


New NARCOMATIC SENSOR has no moving parts, derives direction 
information from strongest station signal, not the NULL. 





FOR INFORMATION AND “BOOKINGS 
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in acoustic equipment for use in noisy surroundings 











‘\\  %& MAGNETIC | MICROPHONE K 772 | 
% DYNAMIC - 
with noise cancelling device (30 dB at 200 c/s) 


* and CARBON 













MANUFACTURES FUEL 
FILLING EQUIPMENT 

] AND CIRCULATION SYSTEMS 
FOR ALL AIRCRAFT, 

AS WELL AS AIRFIELD 
REFUELLING SYSTEMS 


* 


EQUIPS THE FOLLOWING AIRCRAFT: 


CARAVELLE - ETENDARD - MAGISTER - MIRAGE 
NORATLAS - SUPER MYSTERE - VAUTOUR etc... 





EARPHONES CL 777 





Overall noise re- 
duction 30dB 





LICENCES FOR BENDIX - HOBSON - FLIGHT REFUELLING 
PLESSEY - SAUNDERS VALVE 


Information wpon request 








/ 9, Rue Edouard Nieuport - Suresnes (Seine) 


ve Louise Michel Levallois-Perret - PEReire 17-02 





TEL. : LON. 20-40 














Clichés pour impression 
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Galvanos Albert Fischer 


Stéréos - Flans 
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Retouches américaines 


pour l’art et l’industrie 


Bale Zurich 
Agrandissements 
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Departing from FRANKFURT, LONDON, PARIS, ROME, LISBON and BEIRUT, PANAIR DO 
BRASIL is the first and the only airline to place the most recent of the long-range jets in service on its 
routes between Europe and South America. 


PANAIR DO BRASIL's magnificent Jetliners take you to South America in conditions of unparalleled comfort. 
with halved flying times. 


g- PANAIR DO BRASIL 


SOUTH AMERICA IN THE JET AGE 











Explosives and ammunition - Chemical products, metal goods, and textiles 





EXPLOSIVES, AMMUNITION AND 
PROPULSION DIVISION 


Military supplies 
Complete rounds for artillery and 
ammunition for small arms 
Solid-propellant rocket motors 
Rockets for civil and military use 


High explosives and propellant 
charges 
Mining explosives 


Dynamite and explosives for public 
works, mines, quarries, etc. 
Products for sporting guns 


Powders, cartridge cases, percussion 
caps, and complete cartridges 


ROME, VIA LOMBARDIA 31 ~—- MILAN, VIA PALESTRO 2 


FLIGHT EQUIPMENT 


AUTOPILOTS 
MASTER REFERENCE 
GYROS 


HORIZON GYROS 
“ SYNTHETIZERS " 
iy (FLIGHT DIRECTOR) 
DIRECTIONAL- 
RATE GYROS 
STANDBY 
AND REMOTE 
COMPASSES 
SERVOMECHANISMS 








AVIONICS 


AIRCRAFT 
AND MISSILE 
TRAJECTORY 

RECORDING, 
GUIDANCE 


AND 
AUTOGUIDANCE 
SYSTEMS 
TELECONTROL 
TELEMETERING 
ACOUSTIC 
MISS-DISTANCE 
MEASUREMENT 


SIEGE SOCIAL 275 6 29, RUE DU PONT MEVILLY SUR-SEIME - MAILLOT 49-35 et le suite 














LINEAS AEREAS 





SERVICES LINKING 
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“ FLEXELITE” and “MARLITE” 


FLEXIBLE 
TANKS 


for aircraft 
and missiles 


LAMINATES 


RADOMES, 
ANTENNA HOUSINGS, 
FAIRINGS, 


and for the transport and storage 
of all liquids 


FOLDING 
TANKS ico sires to 0m 


CE MARSTON EXCELSIOR LTD. 


FERMETURE ECLAIR 
DIVISION MARSTON 


95, BD CHARLES DE GAULLE - PETIT-QUEVILLY (S..M.) -TEL.: 70-03-80 
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SOFRANCE K 3 


DECIMICRONIC FILTERS 











Fuel filtration to 
1/10 micron, 
100°/o water-free 
fuel, 1°/o annual 
maintenance cost 


COMPLETE 
SAFETY 


SOFRANCE s.A. 


TELEX : 58036 


PARIS - 206 bd. Péreire 
Phone : ETO 35-19 
LYON - 1, rue Ferrandiére 

Phone : 37-82-52 


BRUSSELS - 35 av. des Canaris 
Phone : 72-76-13 

STUTTGART - 33 Stephanstr. 
Phone : 7 





DUNKIRK - 24 rue Faulconnier 
Phone : 66-52-84 
LIMOGES - 34 av. Général Leclerc 
Phone : 37-26 and 28-23 
ALGIERS - 5 rue Lys du Pac 
Phone : 6360-29 






Phone : 24-481 
TARRASA (Barcelona) 
San Cristobal 27 - Phone : 2979 
TOULOUSE Agency 
21, rue des Orchidées 


LEGHORN - Corso Mazzini 70 


















































































































LIMITED 
for SPACE 


OPERATION 


The Twin Pioneer 


(2 Alvis Leonides engines) 























From jungles airstrips in the Far East, 
oil sites in the middle east and Africa 
or narrow mountain valleys in Austria 
and Switzerland—fact anywhere where 
space outside is limited, the versatile 
Twin Pioneer is giving constant, 
economic service. 


FROM A TAKE-OFF 
RUN OF 420 FEET 


THE TWIN PIONEER 3 
WILL CARRY 
16 passengers 
or 4000 pounds freight 
or 2 large survey cameras 
or 9 stretcher cases 
or 12 paratroopers 
or 4x 500 pound bombs 
or many other civil and 
military loads. 








DESIGNED & MANUFACTURED 
BY SCOTTISH AVIATION 
LIMITED 
PRESTWICK AIRPORT, 
SCOTLAND 
FOR FURTHER INFORMATION 
CONTACT OUR AGENT 
IN YOUR TERRITORY. 
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EUROPE AIR SERVICE 


“In the Service of Advanced Aviation Techniques ” 


DISTRIBUTOR FOR 
S.F.E.R.M.A. — SAINT CHAMOND GRANAT 
S.E.P.R. = AUDIOLA 


AGENCIES 
JOHN OSTER MANUFACTURING Co. (TACAN indicators) 
PHAOSTRON ELECTRONICS (indicators and converters) 
AERONAUTICAL RESEARCH & STUDY (Wind indicators) 
EKCO ELECTRONICS (Aircraft weather radars) 
PYE TELECOMMUNICATIONS (ILS System) 


Prospectuses on application 
EUROPE AIR SERVICE 
International Commercial Organization for the 


Development of Trade 
3, QUAI GALLIENI, SURESNES (SEINE) - PHONE: LON 58-24 - TELEX: 20.646 











ENGINS MATRA 


S. A._Capital 10,000,000 NF 


MISSILES 
AERONAUTICAL ARMAMENT 


27, Quai de Boulogne BOULOGNE-sur-SEINE 
Telephone: MOLitor 60-10 





















REL ne eemmaee a hONICS 


all special wires 
r= Pale Mmreor- fo} [-t- 


CABLE WIRES 


— Standard 
— Special 
— High temperature 


COAXIAL CABLES 


— Aerial lead-in 
— Special 
TRANSMISSION CABLES 


MULTICORE CABLES 





The most modern materials and 
techniques are used. Our products 
comply with French and foreign 
standards. 
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ECONOMICAL AND MODERN TRANSPORT 
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The twin air-induction systems of the Phantom 1 are unique. Their variable throats 


are sO responsive to engine requirements they seem almost alive. 


The thrust potential of the two J79-GE-8 engines is fully realized through the 
operation of the air-induction systems. This thrust powers the Phantom 1 to greater 
combat performance than any other service aircraft. 


The air-induction systems are a triumph of internal and external aerodynamics, They 
are complex in concept, simple in execution, reliable in operations and remarkably 
efficient in all flight regimes. Each inlet system is comprised of a fixed ramp, an 
infinitely movable ramp creating a variable throat area and an engine by-pass. The 
movements of the ramp are programmed as a function of the engines’ air flow 
requirements, the mach number and inlet air temperature—utilizing air-flow sensing 
devices, electrical controls and hydraulic / mechanical actuation. There is no excess flow 
to create drag, no insufficient flow to compromise power. 


Altitude, speed and weapon-carrying capabilities have been combined in the Phantom 11 
to a degree never before achieved in a combat aircraft. Now in production, the 
Phantom 1 offers flexible operational and armament capabilities for either police 
action or total war deterrence. The most versatile combat aircraft in existence, 

the Phantom 1m insures maximum defense for every defense dollar. 


MCDONNELL 


Phantom If and F-101 Fighter and Strike Aircraft « 


Project Mercury Space Capsules + Talos Airframes and Propulsion Systems « 


Quail] Decoy Missiles! + Rotorcraft + Electronics Systems +« Automation 


MCDONNELL AIRCRAFT ST. LOUIS, MISSOURI, U.S.A. 





